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URING the first hours after birth, 

fasting normal newborn infants 
develop blood sugar levels which are 
considerably lower than those of fast- 
ing older children or adults..:? In 
premature infants® and in the off- 
spring of diabetic mothers,** this hy- 
poglycemia is even more marked. Yet 
it is so unusual in the newborn to find 
clinieal signs clearly attributable to 
hypoglycemia that these low levels 
are often referred to as physiologic.‘ 
This report deseribes 8 cases of spon- 
taneous hypoglycemia with symptoms 
beginning on the second or third day 
of life in infants born to mothers with 
toxemia. They differ from previously 
reported cases*'* by their self-limited 


course. 
PATIENT MATERIAL AND METHODS 


Of the 5 patients observed by the 
authors, 4 (B. M., D. B., P. B.,t and 
F. Z.) were born at The Johns Hopkins 
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Balti- 


histories 


Hospital’ and one (G. A.) at 
more City Hospital.** The 
of twe additional patients (R. F.*t 


and B. D.) were obtained from the 
Harriet Lane medieal records and of 
another (R. T.) from the reeords of 


the Baltimore City Hospital. 

Many of the blood sugar determi- 
nations are reported as total reducing 
substance (TRS). The others repre- 
sent true blood sugar and were deter- 
mined by the method of Somogyi-Nel- 
son.'® The chemical determinations on 
the patients at the Baltimore City Hos- 
pital were performed in the Pediatric 
Chemistry Laboratory, those at Johns 
Hopkins in the central hospital labo- 


ratory. 

Tolerance tests were done on the 
first 3 infants (B. M., D. B., and 
P. B.). Glueagon*t (30 meg. per kilo- 


gram) was given intravenously and 
capillary blood sugar determinations 
obtained at half-hour intervals for 2 
Epinephrine (0.03 ml. per kilo- 


hydrochloride 


hours. 
gram of epinephrine 
1:1,000) intramuseularly. 
Casein tolerance tests were done by 


*We wish to thank Drs. Harold H. Har- 
rison and Lawrence Finberg for permission 
to publish the cases from the Baltimore City 
Hospital. 

+The 
reported by Dr. 
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Kirtley of Eli 
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was supplied by Dr. E. R. 
Lilly and Company. 
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administering Casee (caleium casein- 
ate), 1.5 Gm. per kilogram orally, and 


following the capillary sugar levels be- 


fore and one-fourth, one-half, 1 and 2 
hours after ingestion. Leueine (0.15 


(im. per kilogram) was given orally 
to one infant (D. B.) and blood sugar 


determinations followed for 2 hours. 
CASE REPORTS 


eases are described in de- 
illustrated in 


The first 2 


tail and their course 


Figs. 1 and 2. The pertinent data on 
all of the infants have been summa- 
rized in Tables I and II. The remain- 
ing 6 case reports are in the appendix. 

Case 1.—B.M. (HLH No. B-43258) 
(Fig. 1), a 2,580 gram white male in- 
fant, was born on Aug. 5, 1957, 24 days 
prior to the expected date of confine- 
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minuria. On restricted activity and a 
low salt regime, a weight loss of 6 
pounds oceurred in one week. Labor 
began spontaneously 2 days later. The 
blood pressure during labor remained 
130/94. Demerol and _ scopolamine 
were given 3 hours prior to delivery. 
Labor was uneventful, lasting 107%» 
hours (the second stage was % 
hours). The infant was delivered by 
the vertex in occipitoanterior position, 
with elective low forceps over a median 
episiotomy under nitrous oxide and 
oxygen anesthesia. The mother re- 
quired repair of a fourth-degree lacer- 
ation. The postpartum course was un- 
eventful and her blood pressure was 
104/70 on discharge. 

The placenta weighed 380 grams and 
had an adherent clot over 14 of the 
maternal surface. 

The infant breathed at birth, cried 
in 40 seconds, and was described as in 
fair condition. Slight pallor and eva- 
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Fig 


ment. His mother was 20 years old, 
Rh positive, para 0010, with a negative 
serologie test for syphilis, and in good 
health. At 34 weeks’ gestation, she 
was hospitalized beeause of a 34 pound 
weight gain, blood pressure of 138/94, 
edema of the hands, and 1 plus albu- 


1 


nosis were noted. Physical examina- 
tion at 45 minutes of age was unre- 


markable. At 12 hours of life, routine 
glucose feedings were offered and 


taken well, as were the subsequent 
evaporated milk with 5 per cent carbo- 
hvdrate feedings. 
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At 47 hours of age, the infant was 
observed to be limp, flaccid, cyanotic, 
and without Moro reflex. While he 
was being examined, the cyanosis grad- 
ually diminished. A glucose water 
feeding was attempted. Limpness and 
cyanosis increased and sucking reflex 
was absent. Jaundice was noted. The 
liver was palpable 1 em. below the 
costal margin and the fontanel was 
tense. Bilateral subdural and ventric- 
ular taps were negative. During a 
venipuncture, the infant made jerking 
movements of all extremities. Blood 
chemistry determinations revealed the 
blood sugar to be 20 mg. per cent 
(TRS), nonprotein nitrogen 51 mg. 
per cent, caleium 9.3 mg. per cent, and 
bilirubin 16 mg. per cent. The blood 
type was O, Rh positive, direct Coombs 
test negative. The infant improved in 
color and tone. However, at 55 hours 
of age he again became cyanotic, hypo- 
pneic, jittery, and appeared mori- 
bund. Twenty cubie centimeters of 10 
per cent glucose was given rapidly in- 
travenously, followed by 55 ¢.e. by in- 
travenous drip. The baby responded 
rapidly within a few minutes, lost all 
traces of evanosis, and became less jit- 
tery. A lumbar puncture was per- 
formed at 63 hours of age with the 
glueose infusion running. The cere- 
brospinal fluid sugar was 45 mg. per 
eent. A blood sugar determination ob- 
tained at about 64 hours of age with 10 
per cent glucose running intravenously 
at the rate of 10 ¢.c. per hour was 20 
mg. per cent (TRS). 

On the fourth day of life, the intra- 
venous glucose infusion was tempo- 
rarily discontinued. After 6 hours, 
the baby became quite flaccid, acrocya- 
notie, did not ery or suck, and the 
Moro reflex was poor. Twenty minutes 
after the glucose infusion was _ re- 
started, the infant looked better and 
began to take feedings. The bilirubin 
was 14.0 mg. per cent and the blood 
sugar 40 mg. per cent (TRS) with the 
infusion running. 


On the fifth day, the infant was 
weaned from the infusion and main- 
tained on frequent small feedings of 
evaporated milk 2:3 with water and 10 
per cent added carbohydrate. 
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On day 6, after a 9 hour fast, the 
blood sugar was 14 mg. per cent with 
no apparent clinical signs of hypo- 
glycemia. An intravenous glucose 
tolerance test was performed with 25 
e.c. of 10 per cent glucose. The high- 
est blood sugar was 64 mg. per cent at 
1 hour. This had fallen to 40 mg. per 
cent at 2 hours, at which time 250 meg. 
of glucagon was given intravenously. 
In 30 minutes, the sugar was 50 mg. 
per cent, falling to 14 mg. per cent by 
the end of 2 hours. At no time dur- 
ing these procedures did the baby show 
any abnormal signs. 

Thereafter, the baby did well on the 
frequent feedings. The blood sugar 
~anged around 60 mg. per cent (TRS) 
2 to 3 hours after feedings. 

On day 7, the nonprotein nitrogen 
was 60 mg. per cent, bilirubin 5.4 mg. 
per cent, phosphorus 8.6 mg. per cent, 
total protein 4.5 Gm. per cent, and 
albumin/globulin ratio 2.8/1.7. On 
day 9, a glucagon tolerance test was 
performed after a 9 hour fast. The 
fasting sugar was 20 mg. per cent, 
54 mg. per cent at 30 minutes, and 25 
mg. per cent at 90 minutes. Epineph- 
rine (0.08 ¢.c.) 1:1,000 given intra- 
museularly 2 hours after the glueagon 
produeed no hyperglycemic response 
(Fig. 3). 

On day 16, a casein tolerance test 
was performed after a 9 hour fast. 
The initial blood sugar was 30 mg. per 
cent. The patient ingested 1.5 Gm. 
per kilogram of ecaleium easeinate. The 
blood sugar was 31 mg. per cent at 15 
minutes, 24 mg. per cent at 30 minutes, 
and 7 mg. per cent at 120 minutes 
(Fig. 3). There were no symptoms. 

The infant fed well, gained weight, 
and became more alert. At age 3 
weeks he appeared normal to examina- 
tion and weighed 2,750 grams. The 
blood sugar remained in the range of 
60 to 90 mg. per cent (TRS) 4 hours 
after feedings. He was discharged 
home on a 4 hour feeding schedule of 
an evaporated milk formula containing 
10 per cent added carbohydrate. 

During the infant’s stay in the hos- 
pital, additional laboratory examina- 
tions were done. Cultures of the blood, 
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ventricular, subdural, and spinal fluids 
were negative. X-rays of the skull and 
chest were normal. Repeated urinaly- 
ses were unremarkable, with no gluco- 
suria or acetonuria. Serum electrolytes 
were also normal. 

Subsequent studies included another 
casein tolerance test at 32 days of age. 
After a 9 hour fast, the initial sugar 
was 44 mg. per cent. He ingested 1.5 
Gm. per kilogram of calcium ecaseinate. 
Blood sugar levels at 60, 90, and 120 
minutes were 44, 75, and 44 mg. per 
eent (Fig. 3). Subsequent fasting 
blood sugar levels were 80, 92, and 74 
mg. per cent at 24%, 5 and 7 months of 
age, respectively. The patient had 
grown and developed normally during 
this time. 
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of a blood pressure of 170/112, 30 
pound weight gain, generalized edema, 
and frontal headache. She was given 
55 Gm. of magnesium sulfate intra- 
museularly over a 3 day period. Res- 
erpine was given thereafter. On a 
low salt diet and bed rest, she lost 9 
pounds and the blood pressure was 
150/105 at discharge. Eleven days 
later, she was readmitted for epigas- 
trie pain and vomiting. The blood 
pressure was 126/84, urine negative. 
On bed rest, she improved slowly and 
one week later, a medical induction of 
labor was attempted by stripping the 
membranes. Two days later active 
labor began. The blood pressure rose 
to 169/110 and she was given 5 Gm. of 




















magnesium sulfate intramuscularly. 
Case 2.—D. B. (HLH No. B-43864) Labor lasted 5% 9 hours with a sec- 
(Fig. 2), a 2,140 gram Negro male, ond stage of *% hours. The mem- 
was born on Aug. 26, 1957, 25 days branes ruptured spontaneously 34 hour 
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Fig. 2. 
prior to the expected date of confine- prior to delivery. The placenta 
ment. The mother was a 19-year-old weighed 470 grams and had many 
Rh positive primipara, with a negative small infarets on the maternal and 


serologic test for syphilis, first seen at 
27 weeks’ gestation. She was hospital- 
ized for 3 weeks at this time because 


fetal surfaces. The blood pressure im- 
mediately post partum was 130/95 and 
at 6 weeks 110/70. 
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The infant was born spontaneously 
in vertex presentation. He breathed 
and eried in 10 seconds. His immedi- 
ate condition was “excellent” and 
physical examinations at birth and at 
7 hours of life were normal. Because 
of his prematurity, the baby was given 
nothing by mouth for 24 hours and 
then begun on glucose water. His 
body temperature remained low and 
he was put into a Gordon-Armstrong 
Ineubator at 25 hours of age. He did 
well until 44 hours of age at which 
time he fed poorly, was eyanotie when 
sucking, and had poor muscle tone. 
At 52 hours of age, the baby was found 
apneic and pulseless, but was resusci- 
tated by manual stimulation. 

At 56 hours of age there was a re- 
eurrence of the apnea with severe 
bradyeardia, and a weak heartbeat. 
His ery was high pitched and tremors 
of the right arm were noted. The 
apnea responded well to epinephrine 
and ecaffeine-sodium benzoate, paren- 
terally. Blood obtained at this time 
showed a sugar level of 24 mg. per 
cent (TRS), nonprotein nitrogen 44 
mg. per cent, calcium 8.7 mg. per cent, 
phosphorus 8 mg. per cent, sodium 
and potassium normal. Lumbar pune- 
ture was unremarkable except for a 
cerebrospinal fluid sugar of 15 mg. per 
eent. Subdural taps vielded no fluid. 
At 61 hours the blood sugar was 24 
mg. per cent, and the infant was given 
100 meg. of glueagon intravenously. 
The blood sugar was 5 mg. per cent at 
63 hours of age (Fig. 3). Physical 
examination at this time revealed the 
infant to be alert, active, and erying 
vigorously. One hour later, however, 
the baby was again cyanotic, limp, 
with an apical pulse of less than 40 
per minute, and no visible respirations. 
Vigorous physical stimulation initiated 
only isolated gasping movements. He 
responded this time only after endo- 
tracheal intubation and mouth-to-tube 
resuscitation, and intramuscular epi- 
nephrine. The blood sugar level was 
18 mg. per cent. An intravenous in- 
fusion of 10 per cent glucose was 
started, but the baby began having 
quadrilateral jerking movements. 
These were temporarily controlled with 


5 e.e. of 50 per cent glucose and pheno- 
barbital. He was hyperreactive to 
stimuli. 

At the age of 72 hours, the infusion 
infiltrated and the infant had a gen- 
eralized clonie seizure which responded 
to 10 per cent glucose intravenously 
and phenobarbital intramuscularly. 
Throughout the fourth day of life he 
did well and the infusion was discon- 
tinued. About 2 hours later he became 
apneic, limp, and unresponsive. The 
blood sugar level (TRS) was 14 mg. 
per cent. He responded promptly to 
10 ee. of 50 per cent glucose with a 
return of muscle tone and response to 
stimuli. The infant was subsequently 
maintained on an infusion of 10 per 
cent glucose with added electrolytes, 
and feedings of 15 per cent glucose by 
intragastric tube. 

On the fifth day of life the infant 
was still quite lethargic, with blood 
sugar levels ranging from 10 to 33 
mg. per cent (TRS) despite temporary 
rises to 60 mg. per cent following glu- 
‘agon and epinephrine (Fig. 3). He 
was unresponsive, dusky, and limp. 
Because he seemed to be suffering an 
intractable hypoglycemia, 50 mg. of 
Solu-Cortef was given intravenously 
and 20 units of ACTH intramuscu- 
larly. His elinieal response was re- 
markable with restoration of skin color 
and musele tone. Thereafter 2 to 4 
hour fasting blood sugar levels were 
60 to 100 mg. per cent (TRS). 


On the sixth day of life the intra- 
gastrie tube was removed and nipple 
feedings of evaporated milk and 
water 2:3 with 5 per cent added ear- 
bohydrate begun. Thereafter the in- 
fant did well. Cortisone was tapered 
and discontinued by the eighth day of 
life, and ACTH by the sixteenth. 
Blood sugar levels after 4 to 8 hour 
fasts were 64 to 120 mg. per cent dur- 
ing this time. Numerous urine exami- 
nations were normal, as were blood 
chemistry determinations. A_ casein 
test meal on the twenty-fourth day of 
life did not affect the blood sugar (Fig. 
3). On the twenty-fifth day of life he 
was discharged weighing 2,220 grams. 
A leucine tolerance test was normal at 
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33 days of age (Fig. 3). Fasting blood 
sugar levels at 3, 10, and 11 months 
were 62 to 76 mg. per cent. At 11 
months he had grown and developed 
normally. 


Clinical Summary of the 8 Cases. 
As noted in Table I all of the mothers 
had mild pre-eclampsia, consisting of 
hypertension in all, albuminuria in 4, 
and excessive weight gain in 2. The 
medications used in the treatment of 
the pre-eclampsia are detailed in the 
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All the infants did fairly well until 
the onset of symptoms at 40 to 57 
hours of age (Table II). Initial symp- 
toms were listlessness and refusal of 
feedings after milk had been taken 
well. Apnea and loss of muscle tone 
followed and after a variable period of 
time, cyanosis, tremors, and convul- 
sions ensued. Blood sugar levels at 
the time of convulsions ranged from 
1.0 to 24 mg. per cent. In 5 infants 
the spinal fluid sugar ranged from 0 








ease reports and were not uniform. to 15 mg. per cent and, in several, first 
TABLE I, SuMMARyY OF 8 CASES OF SYMPTOMATIC NEONATAL HYPOGLYCEMIA ASSOCIATED WITH 
TOXEMIA OF PREGNANCY 
GESTATION MOTHER’S PRENATAL | COMPLICATIONS OF LABOR|BIRTH WEIGHT 
CASE| SEX RACE (WEEKS) COURSE AND DELIVERY (GRAMS) 
B.M. M Ww 1614 Severe weight gain Adherent clot over one- 2,580 
Mild hypertension third of placenta 
D.B. M Cc 36% Severe pre-eclampsia Induction of labor 2,140 
Precipitate delivery 
PB. M W 37 Moderate hypertension Uterine inertia with in- 2,310 
Albuminuria trapartum hemorrhage. 
Cesarean section 
G.A. F Cc 38 Hypertension Prolonged ruptured mem 1,360 
Albuminuria branes 
Breech presentation 
r.ZM W 39 Excessive weight gain Precipitate delivery 2,095 
Hypertension 
RF. | WwW 37? ‘*Slight’’ hypertension None 1,500 
R.T. M C 38 Hypertension Prolonged second stage 3,090 
Albuminuria 
B.D. M Ww 32 Hypertension None 1,812 


Albuminuria 


Additional complications in the indi- 
vidual pregnancies included an adher- 
ent placental clot (B. M.), induction 
of labor and precipitate delivery (D. 
B.), uterine inertia, intrapartum hem- 
orrhage, cesarean section, and multiple 
birth (P. B.), breech extraction and 
prolonged ruptured membranes (G. 
A.), precipitate delivery (F. Z.), and 
a prolonged seeond stage of labor 
(R. T.). Two (R. F. and B. D.) had 
no known complications of labor or 
delivery. Seven infants were delivered 
vaginally, one by cesarean section. All 
but 2 were premature by weight al- 
though in 7 eases the length of gesta- 


2 


tion was 3614 weeks or more. 


suggested the diagnosis of hypogly- 
cemia as a cause for symptoms. Ad- 
ministration of parenteral glucose al- 


leviated symptoms immediately in 
every infant and was necessary for 


prolonged periods of time to maintain 
normal blood sugar levels. Despite 
these measures, 5 infants had ocea- 
sional low blood sugar, without symp- 
toms, for varying periods of time. In 
5 (B. M., D. B., P. B., R. F., and 
B. D.) the course was self-limited and 
benign although one (D. B.) required 
ACTH and cortisone to eontrol the 
hypoglyeemia. These 5 were develop- 
ing normally at last examination. Two 
other infants (G. A. and R. T.) are 
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spastic and mentally retarded, and one 
other (F. Z.) died at 17 days of life 
of generalized Pseudomonas sepsis and 
early toxoplasmosis. 

Results of Tolerance Tests.—Vari- 
ous tolerance tests were performed in 
an attempt to elucidate the etiology of 
the hypoglycemia observed. These in- 
cluded the administration of glucagon 
or epinephrine as a test for available 
hepatic glyeogen and of casein or 
leucine as a test for hypoglycemia pre- 
cipitated by amino acids." 








gestion of Casee resulted in a marked 
hypoglycemia (Fig. 3). By the thirty- 
second day of life, however, the casein 
tolerance test was normal. The signifi- 
eance of the apparent transient sensi- 
tivity to casein is difficult to interpret 
since no tests on normal infants are 
available for comparison. 

In D. B. (Case 2), glueagon ad- 
ministered at the time of symptoms 
had no effect on the blood sugar, which 
continued to fall to very low levels 
(Fig. 3). A similar failure to respond 
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EFFECT OF VARIOUS SUBSTANCES ON BLOOD SUGAR 


Fig. 


In the first patient, B. M., the in- 
travenous glucagon tolerance test on 
the ninth day was normal (Fig. 3). 
Epinephrine following glucagon had 
no hyperglycemic effect, suggesting a 
limited quantity of available glycogen 
in the liver. On day 16, the oral in- 


3. 


to glucagon has been observed during 
the immediately postnatal rapid fall in 
blood sugar in infants of diabetic 
mothers.'"® By the fifth day of life, 
epinephrine resulted in a good hyper- 
glycemic response (Fig. 3). Casee on 
the twenty-fourth day of life had no 
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appreciable effect on the blood sugar, 
whereas leucine on day 33 resulted in 
a minimal fall in the blood sugar 
(Fig. 3). 

The fraternal twins (see Appendix, 
eases P. B. and M. B.) received glu- 
eagon on the third day of life, after 
the symptoms of hypoglycemia had 
been controlled by parenteral glucose 
in P.B. Each had a significant and 
comparable rise in blood sugar sug- 
gesting available glycogen in the liver. 
Of interest was the fact that, although 
P. B. was receiving an infusion of glu- 
cose prior to and during the test, his 
initial blood sugar was 26 mg. per cent, 
whereas that of his fasting brother 
(M. B.) was 40 mg. per cent. 

DISCUSSION 

Hypoglycemia in the newborn period 
is rarely associated with clinical signs. 
Hlowever, of 25 eases of chronie idi- 
opathic spontaneous hypoglycemia in 
infants and children reported by 
MeQuarrie,® 2 became clinically evi- 
dent during the first day of life and 
another in the first Schwartz 
and 
hypoglycemia which 


week. 
deseribed a ease of 
had 


convulsions in the 


associates" 
commenced 
with thirty-fifth 
hour of life and had persisted for 17 
months at the time of the report. In 
another case of manifest hypoglycemia 
in a neonate, an islet-cell adenoma was 
discovered at autopsy.’*? Moreover, 
glycogen storage disease of the liver 
ean also be responsible for sympto- 
matic hypoglycemia with convulsions 
on the third day of life.*° In all these 
eases, the cyanosis, limpness, jitteri- 
ness, apnea, and convulsions 
which were observed were similar to 
the symptoms seen in older patients 
with hypoglycemia. Thus it would ap- 
pear that while hypoglycemia in the 
rarely produces discernible 


coma, 


newborn 
signs, some infants do present clinical 
manifestations of low levels of cireulat- 


SYMPTOMATIC NEONATAL HYPOGLYCEMIA 


553 
ing glucose. In the 8 cases reported 
here, convulsions, apnea, tremor, and 
limpness were associated with a marked 
hypoglycemia on the second or third 
day of life and the elinical syndrome 
was alleviated immediately by the ad- 
ministration of parenteral glucose. It 
is noteworthy that 5 of the infants 
treatment had very 
levels unassociated 


subsequent to 
low blood 
with apparent 
Whether this reflects a clinical toler- 
ance to hypoglycemia or additional 
factors affecting the response of the 
central nervous system to low glucose 
levels is uncertain. The initial re- 
sponse of all of the infants to par- 


sugar 


symptoms or signs. 


enteral glucose is evidence that the 
hypoglycemia observed was responsible 
for the symptoms and signs. The un- 
usual features in the cases reported are 
the self-limited, but quite refractory, 
course, the fact that 6 of the 8 infants 
were premature by weight, and the 
association with pre-eclampsia in the 


mother. 
A relatively short, — self-limited 
course is not common with any of 


the known forms of symptomatie hypo- 
outlined by Conn = and 


Organic 


glycemia 
Seltzer."® 
hyperinsulinism, 


eauses such as 


hepatie disease, 
glycogen storage disease, or adrenal 
or pituitary hypofunction seem un- 
likely to account for such a course. 
Central nervous system lesions such 
as those in G. A. and R. T. may eause 
hypoglycemia,’ but these lesions may 
also be a result of hypoglycemic at- 
tacks. 
of cerebral damage. 


Six infants showed no evidence 
All the infants 
had been fed prior to the episodes of 
hypoglycemia, consistent with the pos- 
sibility that a Staub-Traugott phe- 
nomenon® had led to the symptoms; 
however, 5 of the infants also had low 
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Idiopathic 
Me- 


longer duration, and 


blood sugars when fasting. 
hypoglycemia as deseribed by 
Quarrie’ is of 
usually requires long-term ACTH or 
cortisone therapy for maintenance of 
normoglycemia. This measure was re- 
quired in only 3 of the 8 eases de- 
scribed here and for relatively short 
periods. 

Despite being close to term by date, 
6 of the than 
2,500 grams. 
ternal twins (P. B. and M. B.) it was 
had 


The hypoglycemia of the first day of 


infants weighed less 


In the case of the fra- 
the smaller who hypoglveemia. 
life is greater in prematures than in 
infants, especially under 
Norval* 
sugar in 42 premature infants of whom 
9 died. 
had blood sugar levels in the range of 


In addition to 


full-term 


stress." followed the blood 


Four of the infants who died 


4 to 20 mg. per cent. 
delayed feedings, other factors which 
might contribute to a relative hypo- 
glycemia in inelude = in- 
adequate hepatie glycogen stores, in- 


prematures 


ability to mobilize glyeogen,’* and an 


inefficient glucose me- 
tabolism. 
enzymatie immaturity. The diminished 
ability of the liver of the premature 


bilirubin'’® or 


regulation of 


These factors may reflect 


infant to conjugate 
sulfonamide*® and to oxidize tyrosine*' 
are examples of enzymatic immaturity. 
In animals, glucose-6-phosphatase ac- 
in the liver is markedly di- 
All of these 
apparent deficiencies become less evi- 
dent as the infant matures. The self- 
limited course of the hypoglycemia 


tivity 
minished prior to birth.** 


observed in the cases reported is con- 
sistent with the theory that an adapta- 
tion or maturation of enzymes has 
occurred. 

The mothers of all 8 infants in this 
report had pre-eclampsia. It is known 
that infants delivered of women with 
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toxemia of pregnancy have an in- 
creased morbidity and mortality,?**" 
especially if there is an associated com- 
plication of labor or delivery. In ad- 
dition, premature delivery frequently 
oecurs in toxemie pregnancies, partly 
because of complications such as pla- 
cental hemorrhage and premature rup- 
ture of the membranes and partly be- 
cause of early inductions as an ob- 
stetric measure to protect the health of 
the mother. Premature infants born 
to toxemie mothers lower 
mortality rate than other prematures 
during the first day of life, but a 
higher mortality rate over the first 


have a 


week.** They are more often edema- 


tous, feed poorly, and gain weight 
more slowly.“ Their blood urea 


nitrogen is higher.*’ Neonatal cyanotic 
attacks are frequently associated with 
pre-eclampsia in the mother.*' The in- 
crease in morbidity may be-partly as- 
sociated with the administration of 
drugs such as barbiturates, morphine, 
and the hexamethonium compounds” 
to the mother, but for the most part its 
eause is unknown. This report of 8 
eases of symptomatic neonatal hypo- 
glycemia, in all of which the mothers 
had suffered some manifestations of 
pre-eclampsia, suggests the possibility 
that some of this morbidity may be 
due to unrecognized attacks of hypo- 
The need for more careful 
infants in the 


glycemia. 
observation of these 
nursery is apparent.** 

Why pre-eclampsia in the mother, 
often together with some other compli- 
eation of labor and delivery and low 
birth weight, should be associated with 
symptomatic hypoglyeemia on the see- 
ond day of life is obseure. Abnormal 
diabetie-type glucose tolerance curves 
have been observed in  toxemie 
mothers™* but the small birth weights 
of these infants make it unlikely that 
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they are offspring of prediabetic 
mothers. What effect the pre-eclampsia 
might have on glycogen stores or glu- 
metabolism in the fetus and 
neonate is unknown. Whether or not 
more subtle difficulties such as reading 
and be- 


cose 


disabilities, cerebral palsy, 
havior disorders, all ebserved in in- 
incidence in 


toxemie pregnancies,** * are 


creased products of 
related 
to hypoglycemia, deserves further in- 
vestigation. 

Finally, much has been written to 
imply that low blood sugar levels in 
the newborn are not of clinical signifi- 
eanece.** ** Sinee hypoglycemia can be 
responsible for apnea, cyanosis, limp- 
ness, and convulsions in the neonate, 
it should be considered in the differen- 
tial diagnosis of these signs in the off- 
spring of toxemie women. 


SUMMARY 


1. Eight cases of symptomatic hypo- 
elyeemia with apnea, cyanosis, coma, 
and convulsions have been described 
which occurred in infants of 2 days of 
age delivered of mothers with pre- 
eclampsia. 

2. Recovery from hypoglycemia took 
place onee the blood sugar levels were 
exogenously supported. 

3. Five 


sequelae; 2 


infants had no apparent 


infants have permanent 
central nervous system damage; and 
one died at 17 days. 

4. The implications of these findings 
in relation to the increased morbidity 
and mortality in offspring of toxemic 
mothers have been discussed. 

APPENDIX 
Case Reports.— 
P. B. (JHH No. 61 8650), a 2,310 


gram white male infant, was the sec- 
ond-born of fraternal twins on Nov. 21, 
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1957, 21 days prior to the expected 
date of confinement. The mother, a 
23-year-old, Rh-positive primipara, 
with a negative serologic test for syph- 
ilis, was followed by her private obste- 
trician from the ninth week of gesta- 
tion. The entire prenatal course was 
uneventful with blood pressure read- 
ings of 120-140/70-80. At 37 weeks’ 
gestation, she was admitted in active 
labor with spontaneously ruptured 
membranes of 6 hours’ duration. On 
admission, her blood pressure was 
160/106 and narrowing of the retinal 
vessels was noted. No edema or al- 
buminuria was present. Labor pro- 
gressed poorly. She received, intra- 
muscularly, magnesium sulfate (a total 
of 15 Gm. over 6 hours) and Demerol. 
After 17 hours of labor, Pitocin was 
given intravenously over a 2% hour 
period with poor results. Beeause of 
intrapartum bleeding and _ uterine 
inertia, an emergency cesarean section 
was performed under local anesthesia. 
The placenta weighed 855 grams and 
was normal. 

This infant was the second-born of 
fraternal twin boys delivered several 
minutes after his sibling. He eried at 
birth, but respirations were inadequate 
for 3 minutes. His initial condition 
was described as “poor” with cyanosis 
and poor muscle tone. A Grade 1 
systolic murmur was noted. The in- 
fant was placed in an Isolette ineu- 
bator, with full humidity and oxygen 
(35 per cent) and was given penicillin 
and streptomycin. 

At 24 hours of age he was started 
on routine breast feedings, along with 
supplements of 5 per cent glucose and 
water. He nursed fairly well. During 
the second day of life he sucked poorly. 
At about 57 hours of age, while at the 
breast, he began having forceful gasp- 
ing respirations, and became eyanotiec. 
He responded to oxygen, suction, and 
parenteral caffeine-sodium benzoate, 
and became active and alert. Six hours 
later a generalized seizure occurred, 
consisting of rhythmic contractions of 
all four extremities, lasting 1% 
minutes, followed by opisthotonus, with 
facial contractions and apnea lasting 
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30 seconds and urination. After the 
seizure he was hyperreactive and had 
an exaggerated Moro reflex. A lumbar 
puncture yielded xanthochromie fluid 
with 82 red blood cells and 2 round 
cells per cubie millimeter. The cere- 
brospinal fluid sugar was 12 mg. per 
cent, protein 100 mg. per cent, and 
Pandy reaction 3 plus. A white blood 
cell count was 2,300. Blood and cere- 
brospinal tluid cultures were negative. 

At 66 hours of age the blood sugar 
was 6 mg. per cent (TRS) and the 
serum caleium 12.7 mg. per cent. 
After several cubie centimeters of 50 
per cent glucose were given by gastric 
tube, the blood sugar rose to 14 mg. 
per cent (TRS). An infusion of 10 
per cent glucose was started intra- 
venously. At 72 hours of age the in- 
fusion infiltrated and the infant had a 
second hypoglycemic episode, similar 
to the first. The 10 per cent glucose 
infusion was started again and quickly 
abolished the hyperactivity and jitteri- 
ness and restored the baby’s color. 
Blood chemistry determinations at this 
time were: sugar, 30 mg. per cent 
(TRS), sodium 150, potassium 4.3, 
chloride 115, and earbon dioxide 30 
mEq. per liter. At 80 hours of age, 
with the infusion running, the blood 
sugar was 26 mg. per cent (TRS). 
After glueagon (30 meg. per kilogram ) 
was administered intravenously, the 
sugar levels were 50 mg. per cent 
(TRS) at one hour and 38 mg. per cent 
(TRS) at 2 hours (Fig. 3). The in- 
fant remained in good condition there- 
after, with no abnormal physieal find- 
ings despite blood sugar levels ranging 
from 11 to 26 mg. per cent (TRS). On 
the fifth day of life the infusion was 
continued and oral glucose feedings 
added. Blood chemistry determina- 
tions were normal and sugar levels 
ranged from 44 to 76 mg. per cent. The 
infusion of glucose and electrolytes was 
discontinued on day 8 and routine 
formula feedings instituted on day 9. 
Blood sugar levels after 2 to 4 hour 
fasts ranged from 38 to 50 mg. per 
eent (TRS) on the ninth to the thir- 
teenth day of life. On the ninth day a 
casein tolerance test was indeterminate 
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because of an initially low fasting blood 
sugar level of 9 mg. per cent. He had 
no symptoms. 

On the sixteenth day of life the in- 
fant weighed 2,235 grams and was dis- 
charged on an_ evaporated milk 
formula. He had been followed by his 
private pediatrician. At 34% months 
of age, a 9 hour fasting blood sugar 
level was 50 mg. per cent. At 7 
months his development was normal, 
his height and weight were the same 
as those of his fraternal twin. 

M. B. (JHH No. 618650), a 2,660 
gram white male infant, was the non- 
affected fraternal twin brother of P. B. 
born several minutes earlier. He 
breathed and cried immediately. 
Physical examination was normal ex- 
cept for a Grade 1 systolic murmur. 
He was placed in an ineubator with 
humidity and oxygen, and _ given 
penicillin and streptomycin. He was 
breast fed and_ received glucose 
water supplements starting at 24 
hours. His course was benign and he 
never showed any signs of jitteriness 
or convulsions. On the third day of 
life food was withheld 9 hours prior 
to a glucagon tolerance test. The fast- 
ing sugar level was 41 mg. per cent 
and glueagon (30 meg. per kilogram) 
was given intravenously. Blood sugar 
was 66 mg. per cent at 30 minutes, 67 
mg. per cent at 60 minutes, and 56 mg. 
per cent after 2 hours (Fig. 3). A 
casein tolerance test on the sixth day 
of life was normal. He was discharged 
on the seventh day of life, at a weight 
of 2,300 grams, taking breast feeding. 
At age 314 months, the blood sugar 
after an overnight fast was 55 mg. per 
eent. At 7 months his development 
was normal. 


G. A. (BCH No. 241033), a 1,360 
eram Negro female, was born on 


Mareh 13, 1958, 10 days prior to the 
expected date of confinement. The 
mother was a 30-year-old, Rh-positive, 
para 2113, with a negative serologic 
test for syphilis. She was first seen 
at 18 weeks’ gestation and had an un- 
eventful prenatal course; the blood 
pressure was 120-140/60-80. Because 
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of ruptured membranes she was ad- 
mitted at 38 weeks’ gestation and 
found to have a blood pressure of 
150/100, 4 plus albuminuria, and brisk 
reflexes. She went into spontaneous 
labor and received phenobarbital and 
magnesium sulfate (20 Gm. total intra- 
venously) during labor which lasted 
7*3¢o hours. The second stage of labor 
was 33 minutes. The infant was de- 
livered as an assisted frank breach. 
The blood pressure was 130/90 3 days 
after delivery. The infant breathed 
and cried at birth and was in good 
condition. She was placed in an in- 
eubator with humidity and oxygen 
and was given vitamin K. 


Her condition remained good 
throughout her first day. At 34 hours 
of age nipple feedings of glucose 


water were begun. At 40 hours of age 
a shrill ery was noted. At 48 hours 
she had a generalized clonic seizure. 
Physical examination afterward was 
unremarkable. A lumbar puncture 
yielded clear, slightly xanthochromie 
fluid containing no sugar, a protein of 
144 mg. per cent, and a chloride of 119 
mEq. per liter. Blood chemistry de- 
terminations at this time were: sugar 
4.0 mg. per cent, calcium 8.0 mg. per 
eent, sodium 131, potassium 6.0, and 
earbon dioxide 24.3 mEq. per liter. 

The infant became cyanotic and 
apneic. The trachea was suctioned 
under direct vision and the infant re- 
vived by mouth-to-mouth insufflation. 
Twenty-five cubie centimeters of 10 per 
cent glucose were given rapidly intra- 
venously, followed by 3.0 ec. of 10 
per cent calcium gluconate. Within 
10 minutes her color was good and she 
was very active. She was given pheno- 
barbital, penicillin, and streptomycin, 
and a continuous infusion of 10 per 
cent glucose with added electrolytes. 
Cortisone, 5 mg. every 6 hours, and 
ACTH, 4 units every 8 hours, were 
started at this time. She was digital- 
ized. Throughout the next few hours, 
the infant remained in good eondition. 
A chest film was negative. The blood 
sugar stabilized at 57 to 60 mg. per 
eent. 


SYMPTOMATIC NEONATAL HYPOGLYCEMIA 55 


Over the next several days the infant 
was maintained on dilute half-skimmed 
milk with added carbohydrate, ad- 
ministered by gavage. Sugar levels re- 
mained around 60 mg. per cent. How- 
ever, because of coffee-ground emesis, 
the ACTH was discontinued on the 
seventh day of life. She did fairly 
well and gained slowly. 

On the fifteenth day of life, she 
was again noted to have a shrill ery 
and increased tone, and to be hyper- 


kinetic. Two hours later a_ blood 
sugar determination was 7 mg. per 


cent. She was fed and a repeat blood 
sugar was 27 mg. per cent, the sodium 
135, chloride 91.5, and potassium 6.2 
mEq. per liter. Total serum proteins 
were 6.3 Gm. per cent. After an intra- 
venous infusion of glucose and water 
was started the hypertonic signs 
gradually cleared. ACTH, 4 to 12 units 
daily, was reinstituted and maintained 
for the subsequent 2 months. Blood 
sugar levels obtained at random ranged 
from 37 to 128 mg. per cent. While 
she was receiving ACTH, glucose oc- 
-asionally appeared in the urine. 

Her course for a time was unevent- 
ful. She ate well and gained slowly. 
On the sixty-third day of life she 
weighed 2,150 grams. <A preprandial 
sugar level was 14 mg. per cent and a 
2 hour postprandial, 14 mg. per cent. 
Four days later blood sugar levels at 
similar times were 63 and 119 mg. per 
eent. 

On the seventy-second day of life, 
while still receiving ACTH, the infant 
had two successive generalized clonic 
seizures, each of a few seconds’ dura- 
tion. The eyes deviated to the left, 
and she drooled saliva. Blood sugar at 
this time was 63 mg. per cent. Several 
times in the next 2 days she had similar 
seizures. Blood sugar levels obtained 
before as well as after some of these 
seizures were repeatedly 81 to 115 mg. 
per cent. She was started on pheno- 
barbital. The ACTH was slowly 
tapered and was discontinued on the 
eighty-first day of life. 

No further seizures occurred after 
the seventy-third day of life but she 
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remained hyperirritable and _ spastie. 
An eleetroencephalogram was _ con- 
sistent with a diagnosis of idiopathic 
convulsive disorder. 


F. Z. (HLH No. B52410), a 2,095 
gram white male infant, was born on 
June 4, 1958, 4 days prior to the ex- 
pected date of confinement. The 
mother was a 40-year-old, Rh-positive, 
para 3104, with a negative serologic 
test for syphilis. She had had mild 
hypertension during her previous 3 
pregnancies, Her first prenatal visit, 
at 28 weeks’ gestation, revealed a blood 
pressure of 140/90, but no edema or 
albuminuria. Serpasil was given orally 
for the elevated blood pressure with 
good response. At term, the mother 
was admitted in active labor with 
ruptured membranes of questionable 
duration. After 9 hours of labor, the 
patient went suddenly from a cervical 
dilatation of 2 em. to completion of 
the seeond stage labor in 6 minutes. 
She received no medication or anes- 
thesia. Her blood pressure ranged 
from 145-160/90-100 during labor and 
was 132/76 at discharge 3 days post 
partum. 

The infant was born spontaneously 
in vertex presentation. After an initial 
gasp, he did not breathe or ery for 2 
minutes. His immediate condition was 
“fair.” He was placed in a Gordon- 
Armstrong Ineubator. At 4 hours of 
age he was pink and active, with a 
good ery, suck, and Moro reflex. Ex- 
cept for oceasional hypothermia and 
jitteriness, he did well for the first 40 
hours of life. At this time he was 
begun on glucose water feedings. 

At the age of 44 hours, while being 
fed, a generalized tonie-clonie convul- 
sion occurred, associated with breath- 
holding lasting 15 seconds. Subse- 
quently he was drowsy and _ restless. 
There were spontaneous tremors of the 
arms and legs. When 47 hours old he 
had a similar apneic convulsive epi- 
sode, accompanied by marked evanosis, 
lasting 30 to 45 seconds. A transient 
left facial palsy was detected, along 
with tremors, mainly of the left arm. 
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The blood sugar was 2 mg. per cent and 


ealeium 11.7 mg. per cent. Lumbar 
puncture yielded a_ very slightly 
xanthochromie fluid with 2 mg. per 


cent sugar, a negative Pandy reaction, 
and 2 cells per eubie millimeter. The 
child was given 2 ¢.c. of 50 per cent 
dextrose in water intravenously and an 
infusion of 10 per cent dextrose was 
begun. Within 5 minutes he was less 
jittery, breathing deeply, and had bet- 
ter color. Physical examinations were 
unremarkable, except that no Moro 
reflex could be elicited. The liver was 
palpable one fingerbreadth below the 
costal margin. The urine was normal. 

The third day of life was uneventful. 
His infusion was continued, and was 
supplemented with oral feedings of an 
electrolyte mixture in 10 per cent 
dextrose. Blood chemistry determina- 
tions were calcium 10.5 mg. per cent, 
phosphorus 5.0 mg. per cent, sodium 
134, chloride 95.2, and potassium 4.3 
mEq. per liter. The bilirubin was 9.6 
mg. per cent (direct 3.9 mg. per cent), 
serum protein 5.6 g. per cent, with 
albumin 3.2 and globulin 2.4 Gm. per 
cent. Several random blood sugar de- 
terminations ranged from 6 to 173 mg. 
per cent. 

He was kept on oral feedings there- 
after and showed no more evidence 
of hypoglycemia, either clinically or 
chemically. He remained jaundiced, 
however, had diarrhea with greenish 
stools, and had an irritated infected 
“ash about the umbilicus and genitals. 
He was given chloramphenicol, penicil- 
lin, special feedings, and general sup- 
portive care. On the tenth day of life 
x-rays showed right upper and lower 
lobe pulmonary infiltrates which re- 
mained unchanged on subsequent films. 
The infant became lethargic and poorly 
responsive; the liver was palpable 2 
fingerbreadths below the costal margin. 
His condition deteriorated progres- 
sively thereafter, and he died on June 
20, 1958, when 17 days old. 

Autopsy revealed generalized Pseu- 
domonas aeruginosa sepsis with mul- 
tiple areas of necrosis and mild early 
toxoplasmosis. 
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R. F. (HLH No. A-63667), a 1,550 
gram white female child, was born 
on June 19, 1948, 1 to 3 weeks prior to 
the expected date of confinement. Re- 
sults of the serologie test for syphilis 
on the mother were unknown, but the 
infant proved to be STS negative. The 
mother was a 20-year-old primipara. 
Beeause of hypertension she had been 
given a low salt diet during her one 
visit to a prenatal clinic. The infant 
was born at home spontaneously in 
vertex presentation with the assistance 
of a midwife. The infant breathed and 
cried immediately. Beeause of her 
small size she was brought to the Har- 
riet Lane Home premature nursery. 
On admission at age 1 hour she was in 
excellent condition. 

The infant was started on glucose 
water the first day of life, and on 
a dilute half-skimmed milk formula 
with added carbohydrate the second 
day. On the third day of life the 
child suddenly developed poor color, 
irregular respirations, and convulsions. 
Subdural taps yielded no fluid. A 
lumbar puncture was unremarkable, 
except that no sugar was found in the 
spinal fluid. The blood sugar was 18 
mg. per cent (TRS). Two cubic centi- 
meters of 50 per cent glucose were 
given intravenously, with immediate 
cessation of symptoms. Blood sugar 
at 62 hours was 46 mg. per cent 
(TRS). Repeated doses of intravenous 
glucose had to be given in order to 
maintain the sugar level as high as 40 
mg. per cent. At 80 and 104 hours 
of life the blood sugar was 18 mg. per 
cent (TRS). No symptoms were noted 
on either oeeasion. The epinephrine 
tolerance test showed a normal hyper- 
glycemic response. On one occasion 
a half-hour postprandial sugar level 
was 72 mg. per cent (TRS), but most 
of the half-hour postprandial sugar 
levels ranged from 32 to 40 mg. per 
cent (TRS). The nonprotein nitrogen 
was 46 mg. per cent, calcium 9.6 mg. 
per cent, phosphorus 5.2 mg. per cent, 
sodium 141 and earbon dioxide 26.6 
mEq. per liter. No further con- 
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vulsions occurred, but because of re- 
current low blood sugar, adrenal corti- 
eal extract administration was begun 
on the fifth day. A three hour post- 
prandial blood sugar was again below 
20 mg. per cent (TRS), and a 2 hourly 
feeding schedule was utilized, with a 
dilute half-skimmed milk formula. By 
the tenth day the infant was doing 
quite well and having no further con- 
vulsions. She seemed extremely 
hungry, and was given a high calorie 
intake. On the nineteenth day adrenal 
cortical extract was discontinued. As 
the period between feedings was gradu- 
ally lengthened her blood sugar levels 
were again as low as 16 to 18 mg. per 
eent (TRS) on several oceasions as 
late as the thirty-first day of life. Two 
glucose tolerance tests and an insulin 
tolerance test were normal. Because 
of the recurrence of the hypoglycemia, 
adrenal cortical extract administration 
was reinstituted at about 1 month of 
age, and maintained again for 10 days. 
From this time on the blood sugar 
gradually increased into the normal 
range. By 5 weeks of age she was do- 
ing well on 3 hourly feedings, and by 
10 weeks on 4 hourly feedings. At 12 
weeks, after an 8 hour fast, the blood 
sugar was 68 mg. per cent (TRS). 
On the ninety-eighth day, weighing 
3,900 grams, the child was discharged. 
She was seen several times thereafter 
in the outpatient department, and when 
lost to follow-up after 6 months of age 
was doing well. No further’ blood 
sugar determinations were obtained. 


R. T. (BCH No. 235175), a 3,090 
gram Negro male infant, was born on 
Feb. 14, 1955, 5 days prior to the ex- 
pected date of confinement. His 
mother, an Rh-positive, 16-year-old 
primipara, with a negative serologic 
test for syphilis, had hypertension 
(blood pressure 125/100) and 3 plus 
albuminuria for at least a week prior 
to delivery. The total length of labor 
was 8°36, hours with a second stage 
of 17349 hours. The infant was de- 
livered by elective low forceps over a 
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median episiotomy. The mother re- 
ceived intramuscular magnesium sul- 
fate (10 Gm.) during labor. The post- 
partum blood pressure was 120/80 and 
urine normal. The baby was in good 
condition at birth. 

At 13 hours of age the infant was 
started on 4 hourly breast feedings. At 
the forty-sixth hour of life, he was 
found cyanotic, apneic, and stiff, with 


arms and legs shaking. His heart 
rate was 80 per minute. He was re- 
suscitated with mask oxygen and 
manual stimulation. Over the next 


several hours he had repeated episodes 
of apnea and cyanosis, but always re- 
sponded when stimulated. There was 
apparent marked peripheral vasocon- 
striction. He was kept in a humid in- 
cubator with oxygen and given penicil- 
lin and streptomycin. When 52 hours 
old, his blood sugar was found to be 
1.0 mg. per cent. Fifteen eubie centi- 
meters of 50 per cent glucose was given 
intravenously with immediate improve- 
ment in respirations and an increase in 


the heart rate from 110 to 150 per 
minute. The child beeame more alert 
and his cyanosis disappeared. <A 


venous cut-down was done, and an in- 
fusion of 5 per cent glucose containing 
10 mg. hydrocortisone was begun. At 
this time blood chemistry determina- 
tions were: sodium 155, potassium 
6.5, and chloride 115 mEq. per liter, 
serum protein 6.0 Gm. per cent, with 
albumin/globulin ratio of 3.2/2.8, al- 
kaline phosphatase 3.6 Bodansky units, 
bilirubin 13.8 mg. per cent (direct 1.4 
mg. per cent), carbon dioxide 21 mEq. 
per liter, calcium 10.4 mg. per cent, 
and blood urea nitrogen 34.6 mg. per 
cent. The urine was unremarkable. 
Over the next day the child seemed 
better, but early on the fourth day of 
life he had a convulsive seizure, ae- 
companied by cyanosis and very cold 
extremities. When 50 per cent glucose 
was pushed into the infusion he became 
more active and responsive but re- 
mained hypertonic. Later that day he 
repeatedly vomited, ineluding one 
emesis of blood-streaked material. 


OF PEDIATRICS 


Serum electrolytes and blood sugar 
levels with the infusion running were 
normal. On the seventh day of life 
the infusion was discontinued, but 
hydrocortisone was continued through 
the eleventh day. Oral feedings were 
begun. He remained quite spastic but 
had no further convulsions. Random 
blood sugar levels were in the range of 
42 to 58 mg. per cent and serum elee- 
trolytes were normal. During the 
second week of life an episode of diar- 
rhea occurred. An abscess on the left 
leg had to be ineised and drained, and 
he was treated with Terramycin. By 
the fourth week of life feedings were 
taken well and his weight was 3,230 
grams but he was still quite hyper- 
tonic. On the twenty-fifth day of life 
he was discharged from the hospital. 

The patient was seen frequently in 
the City Hospital pediatric clinic and 
observed to gain weight. He was re- 
tarded and spastic, however, and suf- 
fered myoclonic seizures. During his 
first 6 months serum chemistry de- 
terminations were repeatedly found 
to be normal with fasting blood sugar 
levels ranging from 38 to 50 mg. per 
eent. A sickle cell preparation was 
negative. Skull films were normal. 

When 18 months old the baby was 
still having seizures, was spastic, and 
could not sit alone. He continued to 
progress poorly and when 3 years old 
was admitted to a home for retarded 
children. 


B. D. (HLH No. A77855), a 1,812 
gram white male ehild, was born on 
May 1, 1950, 8 weeks prior to the ex- 
pected date of confinement. His 
mother, a 24-vear-old, Rh-positive 
primipara, with a negative serologic 
test for syphilis, had 2-3 plus albu- 
minuria and hypertension (160/90) 
for a month prior to delivery. Labor 
lasted 24 hours. The infant was de- 
livered by elective low forceps. He 
breathed spontaneously and was said 
to be in good condition at birth. 

The infant did well until 40 hours 
of age, at which time he spit up his 
feeding, became stiff, and had clonic 
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jerks. He was transferred to the Har- 
riet Lane Home at this time. On ar- 
rival at 43 hours of age, he was jittery 
and mildly icteric, but alert, with good 
color, and the physical examination 
was otherwise normal. Lumbar 
puncture revealed a normal cerebro- 
spinal fluid except for a qualitatively 
low sugar. The blood sugar was 24 mg. 
per cent (TRS). The baby was given 
5 per cent glucose orally every 4 hours. 

He continued to be jittery. At 63 
hours of age, spastic jerking move- 
ments followed by cyanosis and gasping 
respirations oceurred. The blood 
sugar was 18 mg. per cent (TRS). 
Right eubie centimeters of 50 per cent 
glucose was given intravenously with 
instantaneous improvement in respira- 
tions, color, and ery. At 66 hours of 
age, the blood sugar was 70 mg. per 
eent (TRS) and ealeium 9.2 mg. per 
cent. The infant was started on 30 ¢.c. 
of 10 per cent glucose by gavage every 
4 hours and developed loose stools. 
Two blood sugar levels between 66 and 
100 hours of age were 72 and 62 mg. 
per cent (TRS). Evaporated milk 
feedings were started and _ tolerated 
well. He had no further episodes of 
apnea or seizures. 

An intramuscular epinephrine toler- 
anee test on the eighth day of life and 
an intravenous test on the tenth day of 
life showed no rise in blood sugar. The 
fasting level on the sixteenth day of 
life was 32 mg. per cent (TRS). 

On day 19, an intravenous glucose 
tolerance test was normal. His fast- 
ing sugar at this time was 68 mg. per 
eent (TRS). 

He was discharged on the forty- 
fourth day of life weighing 2,630 
grams. No abnormalities were noted 
at this time. 


REFERENCES 

1. Hartmann, A. F., and Jaudon, J. C.: 
Hypoglycemia, J. Peptar. 11: 1, 1937. 

2. Norval, M. A., Kennedy, R. L. J., and 
Berkson, J.: Blood Sugar in Newborn 
Infants, J. Peptat. 34: 542, 1949. 

3. Norval, M. A.: Blood Sugar Values in 
Premature Infants, J. Pepiar. 36: 177, 
1950. 


NEONATAL HYPOGLYCEMIA 561 


. Miller, H. C., and Ross, R. A.: Relation 


of Hypoglycemia to the Symptoms Ob- 
served in Infants of Diabetic Mothers, 
J. Peptat. 16: 473, 1940. 


. Pennoyer, M. M., and Hartmann, A. F.: 


Management of Infants Born of Dia- 
betic Mothers, Postgrad. Med. 18: 199, 
1955. 


5. Reis, R. A., DeCosta, E. J., and Allweiss, 


M. D.: The Management of the Preg- 
nant Diabetic Woman and Her Newborn 
Infant, Am. J. Obst. & Gynec. 60: 1023, 
1950, 


. Farquhar, J. W.: The Significance of 


Hypoglycemia in the Newborn Infant 
of the Diabetic Woman, Arch. Dis. Child- 
hood 31: 203, 1956. 


. Desmond, M. M.: Observations Related 


to Neonatal Hypoglycemia, J. Perptar. 
43: 253, 1953. 


- MeQuarrie, I.: Idiopathic Spontane- 


ously Occurring Hypoglycemia in In- 
fants, A. M. A. Am. J. Dis. Child. 87: 


399, 1954. 


. Mason, H. H., and Andersen, D. H.: 


Glyeogen Disease, Am. J. Dis. Child 61: 
795, 1941. 


. Sehwartz, O., Gildner, M. G., Rosenblum, 


J., and Avin, J.: Neonatal Hypogly- 
cemia, Report of a Case of Unusual 
Duration, Pediatrics 16: 658, 1955. 


2. Sherman, H.: Islet-Cell Tumor of Pan- 


creas in a Newborn Infant (Nesidio- 
blastoma), Am. J. Dis. Child. 74: 58, 
1947. 


3. Cornblath, M., Levin, E. Y., and Gor- 


don, H. H.: Studies of Carbohydrate 
Metabolism in the Newborn. 1. Capil- 
lary-Venous Differences in Blood Sugar 
in Normal Newborn Infants, Pediatrics 
18: 167, 1956. 


. Cochrane, W. A., Payne, W. W., Simp- 


kiss, M. J., and Woolf, L. I.: Familial 
Hypoglycemia Precipitated by Amino 
Acids, J. Clin. Invest. 35: 411, 1956. 


. Cornblath, M., Nicolopoulos, D., and 


Ganzon, A. F.: The Effect of Glucagon 
on the Offspring of Diabetic Mothers. 
In preparation. 


3. Conn, J. W., and Seltzer, M. D.: Spon- 


taneous Hypoglycemia, Am. J. Med. 19: 
460, 1955. 


. Darrow, D. C.: Mental Deterioration 


Associated With Convulsions and Hypo- 
glycemia, Am. J. Dis. Child. 51: 575, 
1936. 


. Cornblath, M., Levin, E. Y., and Mar- 


quetti, E.: Studies of Carbohydrate Me- 
tabolism in the Newborn. II. The Ef- 
fect of Glucagon on the Concentration 
of Sugar in Capillary Blood of the New- 
born Infant, Pediatrics 21: 885, 1958. 


. Lathe, G. H., and Walker, M.: An En- 


zyme Defect in Human Neonatal Jaun- 
dice and in Gunn’s Strain of Jaundiced 
Rats, Biochem. J. 67: 9P, 1957, 








ms) 


ob 


20. 


3. Taylor, E. 


THE 


A.: Sul- 
Newborn 
18: 


and Curtis, J. 
in 
Pediatrics 


Fichter, E. 
fonamide 
and Premature 
50, 1956. 
Kretchmer, N., Levine, 8. 
H., and Barnett, H. L.: Certain Aspects 
of Tyrosine Metabolism in the Young. 
1. The Development of the Tyrosine Oxi- 
dizing System in Human Liver, J. Clin. 
Invest. 35: 236, 1956. 

Nemeth, A. M.: Glucose-6-Phosphatase 
in the Liver of the Fetal Guinea Pig, J. 
Biol. Chem. 208: 773, 1954. 

Eastman, N. J.: Prematurity From the 
Viewpoint of the Obstetrician, Am. 
Pract. 1: 3, 1947. 

Anderson, N. A., and Lyon, 
of Prematurity. 1. Review 
Literature, Am. J. Dis. Child. 
1939, 


J 
- ! 
Administration 

Infants, 


Z., McNamara, 


j4 
R. A.: 
of 
58: 


Causes 
the 
586, 
Engle, E. T., 
age, Springfield, 
Thomas. 


editor: 


Pregnancy Wast- 
1953, Charles C 


Phalen, J. R., and Dyer, 
of Obstetric Difficulties 
Disease on Premature In 
A. M. A. 141: 904, 


Ss. 
H. L.: Effect 
and Maternal 
fant Mortality, J. 
1949. 
Brown, E. W., Lyon, R. A., and Ander- 
son, N. A.: Causes of Prematurity. VI. 
Influence of Toxemia on the Incidence 
of Prematurity, Am. J. Dis. Child. 71: 
S78, 1946. 

Hallman, N., Kunnas, M., and Paavo, 
V.: Zur Sterblichkeit und Entwicklung 
der Kinder von Miittern mit Uberstand- 
ener Schwangerschafts-spiittoxiimie, Ann. 
pediat. Fenniae 1: 148, 1954-1955. 
Brash, A. A.: The Effect of Toxemia 
of Pregnaney Upon the Fetus and New 
Child, Areh. Dis. Childhood 24: 
1949, 


born 
107, 


JOURNAL 


OF 


39. 


33. Gordon, H. H.: 


PEDIATRICS 


. MeCance, R. A., and Widdowson, E. M.: 


Protein Catabolism and Renal Function 
in the First 2 Days of Life in Prema- 
ture Infants and Multiple Births, Arch. 
Dis. Childhood 30: 405, 1955. 
Illingworth, R. 8.: Cyanotie Attacks in 
Newborn Infants, Arch. Dis. Childhood 
32: 328, 1957. 

Hallum, J. L., and Hatchuel, W. L. F.: 
Congenital Paralytic Ileus in a Prema- 
ture Baby as a Complication of Hexa- 
methonium Bromide Therapy for Tox- 
emia of Pregnancy, Arch. Dis. Child- 
hood 29: 354, 1954. 

Some Methods of Im- 
proving Pediatrie Care of Newborn In- 
fants, New York J. Med. 55: 2648, 1955. 
Burt, R. L.: Peripheral Utilization of 
Glucose in Pregnancy. II. Pre-eclampsia, 
Obst. & Gynee. 6: 51, 1955. 
Pasamari«k, B., and Lilienfeld, A. M.: 
Association of Maternal and Fetal Fac- 
tors With Development of Mental De- 
ficiency. 1. Abnormalities in the Pre- 
natal and Paranatal Periods, J. A. M. A. 
159: 155, 1955. 

Deaver, G. G.: Etiologiec Factors in 
Cerebral Palsy, Bull. New York Acad. 
Med. 28: 532, 1952. 

Komrower, G. M.: Blood Sugar Levels 
in Babies Born of Diabetic Mothers, 
Arch. Dis. Childhood 29: 28, 1954. 
Pedersen, J.: Diabetes amd Pregnancy: 
Blood Sugar of Newborn Infants Dur- 
ing Fasting and Glucose Administration, 
Copenhagen, 1952, Danish Science Press. 
Wilkins, Lawson: The Diagnosis and 
Treatment of Endocrine Disorders in 
Childhood and Adolescence, Springfield, 
Ill, 1957, Charles C Thomas, Publisher, 
p. 464. 








THE OUTCOME OF PREGNANCY IN 


DIABETIC WOMEN 


I. FetTaL WastTaGe, MortTALITy, AND MORBIDITY IN THE OFFSPRING OF DIABETIC 
AND NoRMAL CoNTROL MoTHERS 


ANATOLE DEKABAN, M.D., Pu.D.,* ANp Rosert Bairp, M.D.** 
BETHESDA, Mb. 


HE complication of gestation by 

diabetes mellitus imposes consider- 
able risks for the health of the mother 
and also greatly inereases the fetal 
mortality rate (Pedowitz and Shlevin,* 
1955, Clayton,' 1956, and Gellis and 
Hsia,* 1959). Usually, the control of 
diabetes during pregnancy 
difficult and additional complications 
of gestation such as polyhydramnios 
and common. Basing 
their reports on autopsy examinations, 
Kade Dietel®> (1952), Worm’? 
(1958), and others estimated that the 


becomes 


toxemia are 


and 


ineidenece of congenital malformations 
in the offspring of diabetic mothers is 
considerably higher than in the normal 
population. Dekaban and Magee* 
(1958) and Dekaban® (1959) deseribed 
a number of children with various neu- 
rologic abnormalities and mental re- 
tardation who were born to diabetic 
mothers. In consequence of this find- 
ing it appeared worthwhile to test the 
that the morbidity rate 
among the offspring of diabetic women 


hypothesis 


is also higher than among children 
born to nondiabetic mothers. 


From the Section on Developmental Neurol- 
ogy, National Institute of Neurological Dis- 
eases and Blindness, National Institutes of 
Health, Public Health Service. 

*Address, National Institute of Neurological 
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**Present address: Howard 
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The present study was so designed 
as to investigate and analyze the total 
pregnaney wastage in 48 diabetic 
women as well as the abnormalities in 
the surviving offspring. The outcome 
of the pregnancies in the sample of 48 
normal matched controls was evaluated 
in a similar manner as in the diabetic 
women. First, the data obtained from 
these two sample groups are evaluated 
and compared. Subsequently, various 
factors which might have been respon- 
sible for the less favorable outeome of 
the pregnancies in the diabetic women 
The detailed deserip- 
tion and assessment of the abnormali- 
ties encountered in the offspring of 
diabetic mothers will be presented in 
Part IT of this study; in Part I we are 
mainly coneerned with statistical eval- 


are analyzed. 


uation of the results obtained. 


MATERIALS AND METHODS 

The outeome of all pregnancies in 
48 diabetic mothers was investigated. 
Of these, 17 were Caueasian and 31 
The criteria of 
selection were as follows: (1) The dia- 
betie mother had to be less than 43 
years of age at the time the study was 
made. (2) She must have had at least 
two pregnancies after the diagnosis of 
diabetes was established. The main 
purpose of the latter criterion was to 


were Negro women. 
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eliminate the factor of a possibly in- 
risk 


of pregnaney in the primipara (partie- 


creased for unfavorable outcome 
ularly in view of oversized babies born 
to diabeties), as a considerable pro- 
portion of our patients were juvenile 
diabetics. Since there are not many 
patients who can meet such require- 
ments in any single institution, the pa- 
tient material was drawn from a num- 
ber of local hospitals, the names of 
the Acknowledg- 


mothers were interviewed 


which are given in 
ment. All 
by us and their medical reeords stud- 
ied; we also examined personally most 
instances 
where no personal contact with the 
child could be obtained, a medical re- 
port from the family or school physi- 
5 children we 


of the offspring. In those 


was seeured. In 
relied on the report 
Following office examina- 


cian 
from the school 
principal. 
tion, 6 offspring required special in- 
vestigation and they were hospitalized 
in an attempt to establish the nature 
of their disturbance in more detail. 
The control mother for each diabetic 
mother was chosen from the same hos- 
pital in which the diabetie woman had 
her last delivery. The obstetric ree- 


ords for 3 


months preceding this de- 
livery were surveved and that mother 
was accepted as a matched normal con- 
trol who corresponded most closely to 
the diabetic woman in regard to race, 
age, number of pregnancies, and so- 
cial status. The number of pregnan- 
the normal 

to the total of 


the respective diabetic mother before 


cies in controls was 


matehed gestations in 


and after the diagnosis of diabetes. 
Definition of Terms. 


1. Mild degree of diabetes: Diet 
only or diet and not more than 20 U. 
of insulin daily were sufficient for 
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proper control of the diabetes between 
pregnancies. 

2. Moderate degree of diabetes: Diet 
and 20 to 40 U. of insulin daily were 
required to afford satisfactory control. 

3. Severe degree of diabetes: Diet 
and more than 40 U. of insulin were 
necessary for the control of the dia- 
betes. 

The control of the diabetes at the 
time of delivery was estimated as sat- 
isfactory if the urinalysis was normal 
or if it disclosed not more than a trace 
of sugar during the last 2 days of preg- 
naney and if the general condition of 
the mother was good; otherwise, the 
control of the diabetes at delivery was 
estimated as poor. Misearriages and 
previable births were considered under 
one they 
passed all terminations of pregnancy 
under 26 weeks of gestation. Death 
4 weeks birth was econ- 
sidered as a neontal death.” Elevation 
of the maternal blood pressure during 
pregnancy above 160 systolic and above 
90 diastolic on at least two oeeasions 
was taken as evidence of hypertension. 
The surviving offspring was regarded 
as abnormal if he had a severe congen- 
ital intellectual or 
neurologie deficit interfering seriously 


group—abortions; enecom- 


within from 


malformation or 


with his spontaneous activity appro- 
priate for the age. 
RESULTS 

The sample of diabetic population 
consists of both Caucasian and Negro 
mothers but it 
group for the purpose of analysis as it 
was felt that the differences were not 
sufficiently great in our group to war- 
However, to 


is considered as one 


rant separate evaluation. 
permit the 
wastage and abnormal survivors of the 
two racial groups are listed separately 
in all tables. 


comparison, pregnaney 
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The mean age of diabetic women at 
the time of this study was 31 years, 4 
months and that of the normal controls 
The mean age 
when the diagnosis of diabetes mellitus 


vas 30 years, 9 months. 


was established was 20 years, 4 months 
(Caueasians 14 years, 8 months; Ne- 
groes 23 years, 5 months). This indi- 
cates that a considerable proportion of 
our patients, particularly of Caucasian 
origin, were juvenile diabetics. The 
diagnosis of diabetes early in life also 
explains the fact that the incidence of 
pregnancies in Caucasian women be- 
fore the diagnosis of diabetes was low. 
The total number of pregnancies be- 
fore the diagnosis of diabetes was 78 
(Caueasians 5, Negroes 73), with a 
mean of 1.3, whereas the total number 
of pregnancies after the diagnosis of 
diabetes was 157 (Caueasians 53, Ne- 
groes 104), with a mean of 3.2. 

The state of diabetes between preg- 
nancies was mild in 9 women (Cauea- 
sians 1, Negroes 8), moderate in 22 
(Caueasians 11, Negroes 11), and se- 
vere in 17 (Caucasians 5, Negroes 12). 

To decrease the risk-of mortality in 
diabetic offspring, either induction of 
delivery or cesarean section 3 to 4 
weeks prior to the estimated date of 
birth has recently become a common 
practice. In our material, however, 
there were only 9 induced births (Cau- 
easians 4, Negroes 5) and 30 cesarean 
sections (Caueasians 14, Negroes 16) 
among 98 deliveries (abortions and 
premature births excluded). 

Of the 157 
diagnosis of diabetes was made (Table 
1), 47 or 29.9 resulted in 
abortion, 18 or 11.5 per cent in still- 
births, and 13 or 8.3 per cent of the in- 


pregnancies after the 


per cent 


fants died during the neonatal stage. 
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Among the 79 surviving offspring (50.3 
per cent of total pregnancies), neuro- 
logie or other abnormalities were pres- 
ent in 6, which amounts to 3.8 per cent 
of all 157 pregnancies or to 7.6 per 
cent of the surviving children. 

In the total of 78 pregnancies which 
took place during the prediabetic 
stage, there were 16 or 20.5 per cent 
abortions, 4 or 5.1 per cent stillbirths, 
and 1 or 1.3 per cent neonatal deaths. 
Of the 57 (73.1 per cent) surviving 
infants, 2 were found to be abnormal; 
this amounts to 2.6 per cent of all 
pregnancies and to 3.5 per cent of the 
surviving offspring. 

In the 48 
there were 249 pregnancies (Table I). 
Of these, 31 or 12.4 per cent resulted 
in abortions, 3 or 1.2 per cent in still- 
births, and 9 or 3.6 per cent in neo- 
natal deaths. Of the 206 (82.7 per 
cent) surviving offspring, only 1 is ab- 
normal; this constitutes 0.4 per cent of 
all 249 pregnancies and 0.5 per cent of 
the surviving children. 


normal eontrol mothers 


It is clear that the differences in the 
pereentage of stillbirths, 
neonatal deaths, and abnormal surviv- 
ing children between the group of 
diabetic and matched normal control 
mothers are sufficiently great to indi- 
cate that real factors and not sampling 


abortions, 


error have been operating in the 
diabetic women to account for the ex- 
cessive pregnancy wastage and the 


inereased number of abnormal surviv- 
ing offspring. In general, the unfav- 
orable outeome of pregnancies during 
the prediabetic stage falls between the 
values obtained in diabetie and normal 
control groups, being 50 per cent or 
more lower in diabetics. The 
neonatal deaths were unexpectedly low 


than 


in our sample of prediabetic women. 
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DEKABAN AND BAIRD: 


Since the total pregnaney wastage 
in diabetes of abortions, still- 
births, and early neonatal deaths) and 
the incidenee of abnormal surviving 
offspring are of a particular interest 
in this study, they were compared in 


(sum 


the sample groups of diabetics and 
matehed normal controls for statistical 
significance. Using the t test in statis- 
tical analysis of the differences in per- 
centages for the wastage 
between the diabetics and normal con- 
trols, it was found that the difference 
was significant at 1 per cent level (t - 

7.18). Similar the 
differences in percentages in abnormal 
surviving offspring between diabetics 
and normal controls showed a t value 
significant also at the 1 per cent level. 


pregnancy 


‘aleulation for 


To satisfy the reasoning that in a 
statistical study the patient is the 
sampling unit (in this 
pregnant mother), additional evalua- 
tion is made. The outcome of the first 
pregnancies in the diabetic woman is 


instance the 


compared with the outcome of that 
pregnancy in the normal control 
mother, when the latter was of approx- 
the diabetic 
woman whom she was matehing. <A 


imately similar age as 


separate comparison was made for the 
second pregnancy after the diagnosis 
The de- 
tailed data may be seen in Table II. 


of diabetes was established. 


Before comparing the outcome of ges- 
tation in diabetics and normal matched 
controls, it ean be stated that the preg- 
naney and the number of 
abnormal survivors from the first and 


wastage 


second pregnancies after the diagnosis 
of diabetes were closely alike. This is 
also true of the respective two preg- 
nancies in the matched normal con- 
trols. Since the number of pregnancies 
in diabetie and normal control mothers 
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are identical, the numbers listed in 
Table II under abortions, stillbirths, 
neonatal deaths, and sur- 
viving offspring can be compared di- 
rectly. Thus, arguing from the sample 
of normal population, the number of 
abortions in the first pregnancies of 
diabetics should be 6 instead of the 18 
the number of stillbirths 
should be 1 or less instead of the 6 
observed. The number of neonatal 
deaths should not exceed 1 instead 
of the 4 observed, and the number of 
abnormal surviving offspring should 
be 1 or less instead of the 2 observed. 
Expressing the outeome of pregnancy 
by means of normal surviving off- 
spring it can be stated that there 
should be 41 normal living children 
out of 48 pregnancies in diabeties in- 
stead of the 23 actually observed. 


abnormal 


observed, 


DISCUSSION 

The comparison of proportions in- 
dicates that there is no basie difference 
in the incidence of pregnancy wastage 
and the incidence of abnormal sur- 
vivors between the sample of first 
pregnancies and the sample of total 
pregnancies in the diabetic 
Also, the comparison of the 


same 
women, 
percentages of the pregnancy wastage 
in the first gestations of the diabeties 
and the corresponding gestations in 
the Table IT) 
reveals striking similarity to the cor- 


normal controls (see 
responding percentages obtained in 
the entire sample of the normal con- 
Thus, the 
pregnancy wastage and the incidence 
of abnormal surviving offspring is 
significantly higher in these two eate- 
diabetie 


trols as shown in Table I. 


gories of pregnancies in 
women than in the respective normal 


controls. In view of these findings 
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DEKABAN AND BAIRD: 


we can now concentrate on the analy- 
sis of factors which might have been 
responsible for the increased preg- 
naney wastage and the higher inci- 
dence of abnormal surviving offspring 
in the diabetic mothers. The follow- 
ing conditions are considered worth 
investigating in detail: (1) severity 
of the diabetes; (2) other complica- 
tions of pregnancy in addition to the 
diabetes; (3) state of control of the 
diabetes at the time of delivery; (4) 
type of delivery; (5) condition of the 
infant at the time of delivery. 


1. Severity of Diabetes——It may be 
seen in Table III that there were 25 
pregnancies in the mothers with mild 
diabetes. Of these, 7 or 28.0 per cent 
resulted in abortion, 3 or 12.0 per 
eent in stillbirths, 1 or 4.0 per cent in 
neonatal deaths, 1 or 4.0 per cent con- 
stituted abnormal surviving offspring, 
and 13 or 52.0 per cent were normal 
surviving offspring. Of 81 pregnancies 
in the women with a moderate degree 
of diabetes, 23 or 28.4 per cent resulted 
in abortion, 8 or 9.9 per cent in still- 
births, 9 or 11.1 per cent in neonatal 
deaths, 4 or 4.9 per cent in abnormal 
surviving offspring, and 37 or 45.7 per 
cent in normal surviving offspring. Of 
51 pregnancies in the severe diabetics, 
17 or 33.3 per cent resulted in abor- 
tions, 7 or 13.7 per cent in stillbirths, 
3 or 5.9 per cent in neonatal deaths, 1 
or 2.0 per cent in abnormal surviving 
offspring, and 23 or 45.1 per cent in 
normal surviving offspring. Compari- 
son of the percentages in the three 
grades of severity of diabetes mellitus 
suggests that there was no basie dif- 
ference in the wastage 
which would be dependent on the 
degree of severity of the diabetes if 
other factors such as the control of 


pregnancy 
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maternal diabetes and the type of 
delivery were similar in all three 
groups. Here, we wish to stress that 
the severity of diabetes was estimated 
between gestations and it may not 
correlate with the state of the control 
at the time of pregnaney. Daily flue- 
tations between hyper- and hypogly- 
cemia in diabetics during pregnancy 
is common and this makes it extremely 
difficult or almost impossible to prop- 
erly assess and control this factor 
throughout the period of gestation. 
After dealing with large numbers of 
pregnancies in diabetic women, we 
considered that attempts at estimating 
the control of diabetes throughout the 
course of gestation would of necessity 
be inaccurate. 

2. Other Complications of Pregnancy 
in Addition to the Diabetes.—The in- 
fluence of toxemia, polyhydramnios, 
hypertension, and vaginal bleeding in 
diabetics was analyzed in relation to 
the final outcome of gestation; the 
abortions were not considered. Tox- 
emia of pregnancy was observed in 6 
gestations but all resulting offspring 
were normal. Elevation of blood pres- 
sure without marked urinary abnor- 
mality was observed in 8 pregnancies; 
in 6 of these, normal offspring were 


born and 2 resulted in premature 
births followed by early neonatal 
death. Considerable vaginal bleeding 


prior to the delivery (in 2 from pre- 
mature separation of the placenta, and 
in 3 of undetermined origin) occurred 
in 5 pregnancies; 2 of the resulting 
offspring died during the neonatal 
stage and 1 was stillborn. Marked 
polyhydramnios was present in 7 of 
Only 2 of the result- 
and were nor- 


110 pregnancies. 
ing offspring survived 
mal, whereas 3 were stillborn, 1 died 
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during the neonatal stage, and the re- 
maining 1 survived but is abnormal. 
These numbers are too small to permit 
statistical evaluation. However, com- 
parison of proportions of unfavorable 
outcome of gestation in diabeties with 
the complications of pregnancy de- 
scribed above and diabetic pregnancies 
without complications suggests 
that polyhydramnios and uterine 
bleeding prior to delivery are more 
frequently associated with pregnancy 
Toxemia of pregnancy and 
excessive elevation of blood pressure 
during gestation in our series did not 
worsen the prognosis for survival of 


such 


wastage. 


normal offspring. 


3. The Effects of the Control of the 
Diabetes at the Time of Delivery on 
the Outcome of Pregnancy.—The total 
incidence of stillbirths, neonatal deaths, 
and live abnormal offspring in the 
group of 63 pregnancies with satisfac- 
tory control of the diabetes at the 
time of delivery was 25.4 per cent; 
the 
pregnancies with unfavorable outcome 


therefore, expected number of 
in the poorly controlled diabetics at 
the time of delivery would be 12 in- 
stead of the 21 observed (Table IV). 
This may suggest that real factors and 
not sampling error were operating in 
the controlled 
diabetes at the time of delivery to ac- 
count for the difference. 

4. The Effect of the Type of Deliv- 
ery in Diabetic Women on the State of 
Their Offspring—For the purpose of 
investigating the influence of the type 
of delivery on the mortality and mor- 
bidity of the offspring born to diabetic 
mothers (Table V), all deliveries were 


mothers with poorly 


divided into two groups: (a) cesarean 
section or induction, 39 (cesarean sec- 
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tion 30, induction 9); (b) spontaneous 
deliveries, 71. 
In the group of 39 deliveries carried 


out by means of cesarean section or 


induction, the total incidence of still- 
births, neonatal deaths, and live ab- 
normal offspring was 20.6 per cent as 
compared to 40.8 per cent in the group 
of spontaneous deliveries. This dif- 
ference suggests that the outeome of 
gestation was more satisfactory when 
the delivery took place 2 to 4 weeks 
before term by means of cesarean see- 
tion or following induction. 


5. The Condition of the Infant at 
Delivery as Related to His Future 
Well-Being.—The total of 157 preg- 
nancies in diabetic mothers resulted in 
92 live-born infants. Of 
phyxia was observed in 25 or 27.2 per 
cent (Table VI). Of the 25 infants 
who exhibited asphyxia at birth, 11 or 
44.0 per cent died during the neonatal 
stage, 2 or 8.0 per cent constituted ab- 
normal surviving offspring, and 12 or 
48.0 per cent were normal surviving 
offspring. Since the total incidence of 
neonatal deaths and live abnormal 
offspring in the 67 infants without 
asphyxia at birth was 9 per cent, the 
expected number of neonatal deaths 
and live abnormal offspring taken to- 
gether in infants with asphyxia at de- 
livery would be 2 instead of the 13 
observed. However, in interpreting 
the data in these two groups it is im- 
perative to bear in mind that the state 
of the infant at birth and particularly 
asphyxia depends on a variety of fac- 


these, as- 


tors associated with pregnancy and 


delivery of the diabetic mothers. 
COMMENT 


The total pregnancy wastage in the 
sample of diabetic mothers is 49.7 per 
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cent, which is almost 3 times higher 
than in the sample of normal matched 
controls in whom it amounts to only 
17.2 per cent. The total wastage of 
pregnaney during the prediabetic 
stage is 26.9 per cent, which is higher 
than in the normal controls but much 
lower than in the diabeties. The num- 
ber of abnormal surviving offspring in 
all three categories considered is rela- 
tively small, but the comparison of 
percentages reveals that the incidence 
in offspring of diabetic mothers is 
about 8 times higher than that in the 
normal control sample. Thus, 3.8 per 
eent of abnormal surviving offspring 
were born to the diabetic mothers, 2.6 
per cent born during the prediabetic 
stage, and 0.4 per cent in the sample 
of normal controls. Our hypothesis, 
then, that the incidence of morbidity 
dating since birth is higher among the 
children born to diabetic mothers ap- 
pears to be correct. Tests for statisti- 
eal significance which were calculated 
for pregnaney wastage and abnormal 
surviving offspring in the diabetic and 
normal control groups showed a statis- 
tical difference at P < 0.01. 

It is interesting to compare the re- 
sults obtained in pregnancy wastage 
in our sample with those obtained by 
other investigators. However, this is 
not an easy task as the criteria for 
classification of abortions, stillbirths, 
and even neonatal deaths vary greatly; 
also, certain investigators did not econ- 
sider miscarriages at all. Miller and 
co-workers® (1944) and Miller’ (1946) 
found the combined incidence of fetal 
and neonatal deaths among 93 deliv- 
eries in the diabetic mothers to be 23.6 
per cent and among 252 births in pre- 
diabetic women to be 19.8 per cent. 
In their normal control sample the 
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combined incidence of fetal and neo- 
natal deaths was 5.4 per cent. How- 
ever, they did not state from what 
gestational age ‘‘ fetal deaths’’ were in- 
eluded, presumably they meant only 
stillbirths. Also, by definition they 
limited the neonatal period to the first 
10 days of life. If these differences in 
methods are accounted for, the rates 
of perinatal mortality in diabetics 
and normal controls are not greatly 
different from ours. However, the 
pregnancy wastage in our sample of 
prediabeties was markedly lower than 
in Miller’s series. Clayton' (1956) 
investigated 198 single deliveries in 
diabeties, two thirds of whom had 
cesarean sections and in the majority 
of the remainder, birth was induced. 
The combined incidence of stillbirths 
and neonatal deaths from his data 
was calculated and it amounted to 
per cent. This high mortality 
was somewhat surprising, as in 
our sample the number of cesarean 
sections and induced pregnancies was 
about one third of the total deliveries 
and yet the pereentage of combined 
stillbirths and neonatal deaths was 
only 19.7 per cent. When the present 
article was completed, Gellis and Hsia‘ 
(1959) published their paper on over 
900 diabetic pregnancies. The total 
fetal wastage in their series amounted 
to 35 per cent as compared to 49.7 per 
cent in our study. This difference is 
largely the result of a higher rate of 
abortions and previable deaths in our 
series. They concluded from analyz- 
ing the reports of other investigators 
as well as their own data that there is 
little evidence to suggest a significant 
decrease in the fetal mortality in re- 
cent years. Similarly, as other authors, 
they stressed the fact that hyaline 
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membrane disease of the lungs is the 
largest single factor responsible for 
early neonatal deaths. 

To our knowledge, no controlled 
study of morbidity among the surviv- 
ing offspring of diabetic mothers was 
made so that our rate of 3.8 per cent 
of abnormal surviving offspring could 
not be compared directly. 

In search for the factors which may 
be responsible for or contributing to 
the inereased fetal loss and morbidity 
in the offspring of diabetic mothers, 
various aspects pertaining to preg- 
naney were analyzed. It is evident 
from Table III that the greater sever- 
ity of maternal diabetes between the 
pregnancies was not associated with 
a higher incidence of unfavorable out- 
come of pregnancy if other conditions 
On the other hand, 
the presence of certain complications 


were the same. 


of pregnancy in addition to diabetes 
the incidence of 
mortality and morbidity. Thus, poly- 
hydramnios and uterine bleeding were 
associated with a higher occurrence of 
stillbirths, neonatal deaths, and abnor- 
mal surviving offspring, although the 
numbers are too small for the formula- 
tion of a definite opinion. Polyhy- 
dramnios appears to be more common 


tends to inerease 


in women suffering from renal disease 
and also in diabeties. 

Poor control of diabetes at the time 
of delivery was associated with a sig- 
still- 
births, neonatal deaths, and abnormal 


nificantly higher incidence of 


surviving infants than was the ease 
the of diabetes about 


the time of delivery was satisfactory. 


when control 
It is probable that the metabolic dis- 
turbance adds considerably to the risks 
diabetic 


of delivery of infants of 


mothers; these infants are frequently 
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oversized. During the last stage of 
pregnancy there is an increased tend- 
eney to acidosis. Our unpublished 
data indicate that 36 hour fasting 
will produce marked acidosis during 
the last stage of pregnancy in rats, 
whereas during the first three fourths 
of gestation the level of ketone bodies 
on a similar regimen is normal or only 
slightly elevated. 

the stillbirths, 
neonatal deaths, and abnormal surviv- 
ing offspring among those delivered 
by cesarean section or by induction are 
small, these three categories are com- 
bined together for the purpose of di- 
rect comparison with the results ob- 
tained in infants born by spontaneous 
delivery. It appears that cesarean 
section and induced delivery at about 
36 weeks of gestation lessened the in- 
cidence of stillbirths, neonatal deaths, 
and surviving infants as 
compared to the outcome of spontane- 
Thus, the percentage of 
normal surviving offspring delivered 


Since numbers of 


abnormal 
ous delivery. 


by cesarean sections was 79.5 as com- 
pared to 59.2 among those born by 
spontaneous delivery. In evaluating 
these results, the following factor has 
to be considered: the diabetic women 
who were delivered by cesarean see- 
tion or induction admitted to 
the hospital a few days prior to the 
delivery and their diabetes was on the 
whole better controlled at the time of 
delivery than in the mothers who 
gave spontaneous birth. Consequently, 
we cannot exclude this factor as con- 
tributing to the better results in the 
group born by cesarean section or by 


were 


induced delivery. 
The 
and abnormal surviving infants when- 


incidence of neonatal deaths 


ever asphyxia was present at birth 
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was greatly higher than in those in- 
fants who appeared normal at delivery. 
However, asphyxia of the newborn 
infant many maternal 
factors preceding the delivery or act- 
ing at birth as well as on the state of 


depends on 


the infant prior to the delivery, as 
for example, on the presence of serious 
congenital malformations. Therefore, 
no conclusions can be drawn from di- 
rect comparison of these two groups 
of infants in regard to the causation. 
practical 
Asphyxia 


Nevertheless, an important 
aspect needs to be stressed. 
of the infant born to a diabetic mother 
should be anticipated, special equip- 
ment for resuscitation kept ready, and 
an anesthesiologist alerted. 

From these considerations, it would 
appear that there is more than one 
factor responsible for the inereased 
pregnancy wastage and higher rate of 
abnormal surviving offspring born to 
the diabetic mothers as compared with 
the normal The statistical 
study can merely indicate that certain 


controls. 


factors are more likely to be involved 
than others; it may 
fruitful lead for experimental investi- 


also suggest a 


gation. Good eontrol of maternal 
diabetes, particularly preceding the 


delivery, is very important in improv- 
ing the favorable outcome of preg- 
nancies. Complication of gestation in 
a diabetie by polyhydramnios is quite 
common and adds considerably to the 
unfavorable outcome of 


The infants of diabetic 


risk of an 
pregnaney. 
mothers have a greater tendency to 
suffer from asphyxia at birth and this 
fact should be anticipated and appro- 
priate measures taken before, during, 
and after delivery. The question of 
advisability of cesarean section 2 to 
4 weeks before term is complex and 
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requires further study. Although the 
stillbirths with this 
method of delivery is decreased, the 
infants developing 


incidence of 
danger of these 
hvaline membrane disease of the lungs 
is quite considerable and it may offset 
the advantages of nontraumatie, con- 
trolled birth. Certainly, the results ob- 


tained by Clayton' (1956) are dis- 
couraging, as in his series the neo- 


from hyaline pulmo- 
infants delivered by 
cesarean amounted to 13 per 
cent as compared with 11 per cent of 
infants delivered vaginally following 
induction or by spontaneous delivery. 

The present study has confirmed the 
correctness of our hypothesis that the 
abnormal surviving off- 
spring born to diabetic mothers is 


natal mortality 
nary disease in 


section 


ineidence of 


increased as compared to the normal 
control The main ab- 
normalities consist of congenital mal- 
formation, retardation of development, 
We were also able to 


population. 


and epilepsy. 

confirm the findings of previous inves- 

tigations that the pregnancy wastage 

in the diabetic mothers is considerably 

higher than in the general population. 
SUMMARY 

The outcome of 235 pregnancies in 
diabetic and prediabetic women was 
investigated and the results obtained 
were compared with the corresponding 
data in the 249 pregnancies of matched 
normal controls. 

The percentage of 
previable deaths in the diabetic sample 
was 29.9, in the prediabetic sample 
20.5, and in the normal controls 12.4. 

Stillbirths occurred with the follow- 
ing frequency: 11.5 per cent in the 
sample of diabetic mothers, 5.1 per 
cent in the prediabeties, and 1.2 per 
cent in the normal controls. 


abortions and 
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The neonatal deaths amounted to 8.3 
per cent of all pregnancies in the dia- 
betie women, 1.3 per cent in the pre- 
diabetics, and 3.6 per cent in the sam- 
ple of normal controls. 

These values demonstrate clearly 
that the fetal wastage in the diabetic 
women was significantly greater than 
The fetal loss 
during the prediabetic stage was about 
midway between that in diabetic and 


in the normal controls. 


normal control mothers. The results 
obtained generally confirm the findings 
of other investigators. 

The main purpose of our study was 
to test the hypothesis that the morbid- 
ity dating since birth in the offspring 
of diabetic mothers is also increased as 
compared with the sample of normal 
There were 6 abnormal sur- 


viving offspring in the sample of 157 


controls, 
diabetic pregnancies, which amounts 
to a total of 3.8 per cent (or 7.6 per 
eent of the surviving children). In 
the normal control sample of 249 preg- 


nancies there was only 1 abnormal 
surviving offspring, which constitutes 
the incidence of 0.4 per cent. The 


difference in percentages in these two 
groups was significant at P less than 
0.01, indicating that our hypothesis is 
very likely correct. The abnormalities 
in these children include mental defi- 
ciency, congenital malformations, birth 


injury, and epilepsy. 
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A NOTE ON THE DEVELOPMENT OF GAUCHER 
CELLS IN A NEWBORN INFANT 
JAY BERNSTEIN, M.D.,* AND WARREN E. SHELDEN, M.D. 
Derroit, Micx. 


- AUCHER’S disease has two celini- 
eal variants—the acute “infan- 
tile” and the chronic “adult” forms of 
the disease. The infantile, a condition 
far less common than the adult form, 
customarily runs a rapidly fatal course 
Al- 


though accumulations of Gaucher cells 


dominated by neurologic signs. 


may be associated with pulmonary in- 
filtration and enlargement of the spleen 
and liver, direct involvement of the 
brain with specific “storage” cells is 
not usually typical 
Gaucher cell, which is characteristically 


seen.’ ? The 


found in the spleen, liver, bone mar- 
row, and lymph nodes of the adult pa- 
tient, is more widespread in the in- 
fantile form of the disease. In both 
forms it is characterized by abundant, 
distinetively fibrillary cytoplasm, in 
which the glycolipid kerasin or its 
glucose analogue appears to be bound 
to a protein complex.* 

In a recently studied case, signs and 
hematologic abnormalities referable to 
Gaucher’s disease were observed during 
the first 3 days of life; although the 
“storage” cells were  cytologically 
atypical, they presented the uncom- 
mon opportunity to observe the cellular 
changes in the earliest stages of the 
disease. 


From the Children’s Hospital of Michigan 
and the Departments of Pathology and Pedi- 
atrics, Wayne State University College of 
Medicine. 

*Address, The Children's Hospital of Michi- 
gan, 5224 St. Antoine St., Detroit 2, Mich. 
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CASE REPORT 


after a normal, full- 
and she weighed 6 
pounds, 5144 ounces at birth. Both 
parents were Jewish; there was no 
history of consanguinity. Of her 2 
older siblings, one was normal; the 
other, then age 3, had suffered for 
about 114 years from chronie Gaucher’s 
disease, which had been diagnosed by 
the finding of typical cells in the bone 
marrow and which was associated with 
splenomegaly and a slight anemia. The 
parents were apparently healthy, but 
the father has since died of carcinoma 
of the pancreas. Histologic examina- 
tion of his spleen, bone marrow, and 
liver was negative for Gaucher cells. 

Enlargement of the liver and spleen 
were present at birth, and there was 
marked cutaneous purpura. She also 
had several stigmas of Mongolism, in- 
cluding epicanthal folds, brachy- 
cephaly, spade-shaped hands, and sepa- 
ration of her first and second toes. The 
Coombs test was negative, and exami- 
nation of the peripheral blood showed 
diminished platelets and 108 nucleated 
red cells per 100 white blood cells. At 
3 days of age she developed vomiting 
and bloody diarrhea and was trans- 
ferred to the Children’s Hospital of 
Michigan. 

The hemoglobin level was initially 
17.4, and following dehydration it 
stabilized at approximately 19 Gm. per 
100 ml. in association with a red blood 
ceil count of approximately 6.5 million 
per cubie millimeter. The white blood 
cell count was, on admission, 18,150 
(uneorrected for nucleated red cells), 
and 4 days later it was 7,000 per eubie 


C. D. was born 
term pregnancy, 





millimeter. The differential white cell 
count on the latter occasion was 55 per 
cent neutrophils, 40 per cent lympho- 
cytes, 2 per cent monocytes, and 3 per 
cent eosinophils, and there were 7 
nucleated red cells per 100 white blood 
cells. The reticulocyte count was 15.4 
per cent, and the platelet count was 
38,250, falling to 13,400 per eubie milli- 
meter. Examination of the bone mar- 
row on two occasions was technically 
unsatisfactory. Roentgenograms of the 
chest, skull, and long bones were nega- 
tive, and the iliae index was eonsistent 
with Mongolism. 
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fibrillary cytoplasm, which could be 
stained with the periodic acid-Schiff, 
Sudan black B, and Hale dialyzed iron 
procedures. The Schiff staining was 
barely affected by previous enzymatic 
digestion (Fig. 1), and the sudan- 
ophilia was only partially extracted 
with lipid solvents (Table I). The 
staining procedures demonstrated ecyto- 
plasmie fibrils within these cells (Fig. 
2), suggesting that the stored material 
was actually present in that form. 
The amount of stainable material was 
variable, and seattered large cells con- 
tained little or none. Only the spleen 





Fig. 1 


pulp. 
reduced %.) 


Fig. 1 Storage cells in splenic 
periodic acid-Schiff stain. 210; 
Fig. 2.—Storage cell in splenic 
(Sudan black B stain. 835; reduced 1%.) 


Despite negative stool cultures, she 
continued to suffer from diarrhea and 
episodes of cyanosis. Additional eu- 
taneous petechiae appeared on the sec- 
ond hospital day. She was treated sup- 
portively with antibiotics and par- 
enteral fluids, but her condition 
progressively deteriorated and she died 
after a severe cyanotic episode at the 
age of 14 days. 

Postmortem examination disclosed 
abnormal large cells in the spleen 
which were sufficiently characteristic 
to warrant the diagnosis of Gaucher's 
disease. They contained abundant 


Paraffin 


pulp containing 


Fig. 2. 


section. (Trypsin digestion followed by 


intracytoplasmic fibrils. Frozen section. 


was inereased in size, weighing 19 
grams (normal 11 grams), and chemi- 
eal analysis of fresh-frozen tissues pro- 
vided lipid levels that were within the 
range of normal (Table 11). The liver 
and bone marrow contained scattered 
large, lightly Schiff-positive cells which 
resembled those seen in the spleen. 
Megakaryoeytes could not be identified 
with certainty. 

The only abnormalities in the brain 
were nerve cell heterotopia in the cere- 
bral white matter and cerebellar corti- 
eal disruption of the sort frequently 
seen in Mongolism. The immediate 
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STAINING REACTIONS 


TABLE I. 


Sudan IV 
Sudan black B 
Extracted with hot acetone 
methanol-ether 
acetone-methanol 
acetone-ether 
Chromated 
Smith-Dietrich 
Periodic acid-Schiff 
Extracted with cold acetone 
hot acetone 
hot acetone-ether 
hot ether 
hot pyridine 
diastase 
trypsin 
pepsin 
testicular hyaluronidase 
Rinehart—Abul-Haj—Hale dialyzed iron 
Prussian blue 
Schultz’ Liebermann-Burchardt (cholesterol) 
Mallory’s aniline blue 


Digested with 


Phosphotungstie acid—hematoxylin 


TABLE IT. 
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OF STORAGE CELLS IN THE SPLEEN 


| FORMALIN/FROZEN | FORMALIN/PARAFFIN 


SECTION SECTION 
= — — — wos 
++++ + 
+++ 
++++ 
+++ 
++ — +++ 
+ 
= 
+++4 +++ 
+++ 
+++ 
+++ 
+++ 
+++ 
++ - 44+ 
++ — +44 
++ — +++ 
++ — +44 
+++ +++ 


Faint blue; not 
typical 
Faint blue stippling 


ANALYSIS OF TISSUE LIPIDs* 





"LIVER l SPLEEN _ 
PATIENT | - | PATENT | 

PER CENT OF FRESH WEIGHT c. D. NORMAL Cc. D. NORMAL 
Total lipids 392  3.0-45 3.30 2.0-3.5 
Phospholipids 2.42 1.5-2.5 1.76 1,0-2.0 

(% of total lipids) (62) (53) 

Sphingomyelin 0.489 0.383 

(% of total phospholipids) (20) (5-15) (22) (10-25) 

Cholesterol 0.189 0.3-0.4 0.206 0.3-0.4 

(% of total lipids) (4) (6) 
Glycolipids 0.313 0.2-0.6 0.298 0.2-0.6 

(% of total lipids) (8) (9) 








*We are indebted to Allen C. Crocker, M.D., Children’s Cancer Research Foundation, Boston, 


Mass., for performing the chemical determinations and providing the normal data. 


anatomic cause of death was a rela- 
tively severe bronchopneumonia; the 
heart was normal. 


DISCUSSION 

The histologically positive periodic 
acid-Schiff, Sudan black B, and Hale 
dialyzed iron stains are consistent with 
the presence in the abnormal cells of a 
glycolipid bound to protein. The par- 
tial dissoviation of Sudan and Schiff 
staining in the paraffin sections is in 


aecord with Diezel’s observations* that 
a lipid—possibly the “polycerebroside” 
described by Uzman*’—is present in 
addition to the Gaucher lipoprotein.* 
Craig’s observations® on the Hale pro- 
eedure have also indicated that 
other extractable lipid is present, in 
his ease blocking or masking the stain 
in frozen sections. The apparent con- 
tradiction between Craig’s and our ob- 
indicates that the other 


an- 


servations 
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lipid(s) may accumulate with time. 
Uzman® has implied that “polycere- 
broside” concentration seems to de- 
erease with age, but he has also indi- 
eated that acid phosphatides may be 
secondarily bound by the Gaucher lipo- 
protein. By chemical analysis, Thann- 
hauser and his associates’ have shown 
a unique elevation of total cholesterol 
and of lecithin in the spleen of an 8- 
year-old boy with Gaucher’s disease. 
Our observations do not clarify the 
nature of this other lipid, but it is 
apparent that than 
glucosido- and galactosido-cerebrosides 


may accumulate in individual cells. If 


substances other 


the former can displace as well as mask 
the Gaucher lipoprotein, the occasion- 
al loss of Schiff staining after paraffin 
embedding* is understandable. 
The observations suggest that ab- 
normal cells make their appearance be- 


fore the storage of glycolipid takes 
place. Histologic examination of the 


spleen indicated that some large cells 
were only partially filled with stain- 
able material and that the latter took 
the form of intracytoplasmic fibrils. 
Apparently the and 
packing of fibrils in the cytoplasm 
leads to the characteristically wrinkled 
or fibrillary appearance of the Gaucher 
cell. Thannhauser and co-workers* 
have offered that the 
turbance in lipid metabolism leading 


aecumulation 


8 


evidence dis- 


to the storage of cerebrosides in 
Gaucher cells is limited to these cells, 
whieh are presumably reticular in ori- 
gin, and that elevated serum cerebro- 
side levels or other signs of a more 
generalized disturbance in lipid me- 
tabolism are lacking. 

The normal levels of glycolipids in 
the spleen and liver of this case prob- 
ably represent an insufficient quantity 
of material rather than evidence of an- 
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other pathologie process, but a loss of 
water-soluble during the 
chemical extraction process cannot be 
excluded.'® It is not within the scope 
of this report to debate the essential 
differences between the acute infantile 
and the chronie juvenile or adult forms, 
but for purposes of classification this 
case should probably be regarded as 
an example of the chronic form of 
Gaucher’s disease in a very young child 
—one in which thrombocytopenia, one 
of the usually relatively late hemato- 
logie manifestations, appeared within 
a few days of birth. 


material 


SUMMARY 


The newborn sibling of a_ child 
known to have Gaucher’s disease had, 
in addition to the stigmas of Mongol- 
ism, ¢clinieal enlargement of the liver 
spleen and_ thrombocytopenic 
The spleen, at postmortem 
which 


and 
purpura, 
examination, contained 
justified the diagnosis of Gaucher’s 


cells 
disease. The ease is regarded as an 
example of the chronic form of the 
disease, although present in its very 
The histologic observa- 
tions that the accumulated 
intracellular material was present as 
cytoplasmic fibrils, thereby accounting 
for the characteristic fibrillary appear- 
ance of Gaucher cells, and that cellular 
abnormality preceded the accumulation 
of lipid in the pathogenesis of the 


early stages. 


suggest 


disease. 
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A SPECIFIC ELECTROENCEPHALOGRAPHIC CORRELATE OF 
CONVULSIVE EQUIVALENT DISORDERS IN CHILDREN 
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N 1951, Gibbs and Gibbs' deseribed 

a new type of electroencephalo- 
graphie pattern which they called ‘‘14 
and 6 per second positive spikes.’’ 
They considered this pattern to be an 
abnormal finding and reported a high 
incidence in patients with ‘‘seizures 
preceded by emotional or vegetative 
auras’’ and in a significant number of 
patients having no convulsive seizures 
but recurrent attacks of pain or auto- 
nomie disturbances. This electro- 
graphic pattern as described by the 
Gibbses has not had wide acceptance 
among electroencephalographers as an 
abnormality, and it has been variously 
suggested that it is a rectification arti- 
fact or a normal characteristic of sleep. 
However, Kellaway and _ co-workers’ 
have shown that this pattern is a re- 
eurrent electrographic phenomenon 
with distinct, specific, and consistent 
characteristics and that it has a low 
incidence in selected normal controls. 

The electrical characteristics of this 
phenomenon and its physical param- 
eters have been reported elsewhere.* 
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Essentially, it consists of a series of 
sharp transients or spikes, with a pre- 
dominant ‘‘positive’’ phase occurring 
in short runs of 13 to 15 spikes per 
second or 5 to 6 spikes per second. 
These discharges usually oceur in the 
light stages of sleep and particularly 
in the period of transition from the 
hypnagogic to the true sleep state. 
Commonly, bursts of both 14 and 6 
per second spikes may be seen in a 
single record on the same patient but 
it is not uncommon for either fre- 
queney to oecur alone. The discharge 
is not restricted to a circumscribed 
focus, but it is always maximum in the 
posterior temporal region on one or 
both sides. 

Thus defined, this pattern was found 
to oceur in 2.3 per cent of a control 
group of 1,000 ‘‘normal’’ children. 
These children had no neurologic or 
other disease; however, at the time they 
were studied, no effort was made to 
sereen them for the type of symptoms 
we later found to be common in pa- 
tients with 14 and 6 per second posi- 
tive spikes. 

In an attempt to determine whether 
this electrographic pattern has any 
particular clinical correlations, we first 
studied a group of 200 children* se- 


*Children were selected because we have a 
normal control group of significant size only 
from birth to 16 years of age. 
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lected only on the basis of the fact that 
they showed the 14 and 6 per second 
spike pattern in their electroencephalo- 
grams.* It was immediately evident 
that a large number of these patients 
had been referred for one or more of 
three particular types of complaint. 
These were in order of incidence: (1) 
attacks of headache or abdominal pain 
with other auto- 
nomie disturbances such as pallor, 
sweating, temperature variations, ete.; 
(2) behavioral disturbances; and (3) 
(attacks of simple uncon- 
sciousness or generalized convulsions). 


various associated 


seizures 


CONV. EQUIV 
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BEHAVIOR 


MISC 
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clinieal pattern it is necessary to ob- 
tain as pure a ‘‘culture’’ of the factor 
to be tested as possible. Thus, in this 
case, should evaluate first those 
eases in which the 14 and 6 per second 
positive spike pattern was the sole elee- 


we 


trographic abnormality. In the series 
of 550 patients showing positive spikes 
being reported here, there were 241 
such children. 

Fig. 1 is a graphic analysis of the 
241 patients whose electroencephalo- 
grams were normal except for the pres- 
ence of the 14 and 6 per second posi- 
tive pattern. Of these, 129 (53.7 per 


224 /550 





pure symptoms 


~ 


SS mixed symptoms 


| 1 J 





100 150 


Fig. 1.—An analysis of the 241 patients whose electroencephalograms showed only 14 and 6 


Per second positive spikes 
of 2 or more of the 
convulsive equivalent symptoms. 


(Group 1). 


Since the original report, we have col- 
lected 450 more cases and, of the total, 
550 have been adequately studied and 
are presented here. As in the original 
group, more than 50 per cent of chil- 
dren showing this electrographic pat- 
tern are subject to paroxysmal attacks 
of headache and/or abdominal pain or 
similar autonomic disturbances. 


SUBSTANTIATION OF THE SPECIFIC 
RELATIONSHIP OF THE 14 AND 6 PER 
SECOND POSITIVE SPIKE PATTERN WITH 
CONVULSIVE EQUIVALENT DISORDERS 
In order to evaluate the significance 
of any particular electrographic or 


3 types of clinical abnormality were present. 


The dotted areas represent cases in which a mixture 


Note the high incidence of 


cent) had reeurrent attacks of either 
abdominal pain and/or headache oc- 
eurring in brief episodes and some- 
times accompanied by autonomic dis- 
turbances such as fever, nausea, vomit- 
ing, pallor, and sweating. The dura- 
tion of these attacks was variable, but 
generally brief, lasting from 1 to 30 
minutes. Upon recovery from an 
attack, the children usually felt 
quite well, but sometimes the attacks 
were followed by sleepiness and leth- 
argy. Most of the patients previously 
had had extensive clinical studies 
which had failed to reveal evidence of 
systemic disease. 
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Of the 129 patients with headache 
and abdominal pain, 36 also either had 
epileptic seizures or were behavior 
problems. 

In this group of patients with 14 
and 6 per second positive spikes as the 
sole electrographic abnormality, 74 
(30.7 cent) had had attacks of 
more clearly epileptiform character; 
thus, 28 had had generalized convul- 
sions either with or without fever and 
the others had had attacks of uncon- 
but without 


Of the 74 children who 


per 


sciousness, convulsive 


movements. 
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but nonspecific electrographic abnor- 
mality, such as too much occipital slow 
activity or a very pronounced or pro- 
longed overventilation we 
find that the general clinical correla- 
tion is essentially unchanged. Indeed, 
the occurrence of these two nonspecific 
electrographic findings in _ records 
which show 14 and 6 per second posi- 
tive spikes is so frequent that we have 
concluded that they are co-related ab- 
normalities. In more than half of our 
eases the 14 and 6 per second positive 
spike pattern occurred in patients who 


response, 
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-Waking electroencephalogram of Patient P. R. K., age 11 years, showing the fused 


waves in the occipital regions which are frequently seen in patients whose sleep records show 


bursts of 14 and 6 per second positive 


convulsions or loss of con- 
almost half (31) had, in 
addition, attacks of headaches, abdom- 


had had 


sciousness, 


inal pain, paroxysmal behavior abnor- 
mality, or other types of paroxysmal 
autonomic disturbance. 


If we ‘‘contaminate’’ our sampling 


of patients by ineluding patients who 
had, in addition to the 14 and 6 per 
second positive spikes, other moderate 


spikes. 


also showed many slow-fused tran- 
sients in the occipital leads and a 
marked and excessively prolonged re- 
sponse to overventilation. 

Fig. 4 shows an analysis of the group 
of patients who in addition to 14 and 
6 per second positive spikes showed 
other moderate but nonspecifie (non- 
specific in the sense that a focus or 
generalized spike and wave pattern 
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Fig. 3.—The electroencephalogram of Patient C. E. M., age 12 years, who showed .. marked 


and prolo onged ove ventilate on response (A) during, and (B) 100 sec ade afte er cessation of 
3 minutes of overventilation. Note the high voltage generalized slow activity during over- 
ventilation and the abnormally prolonged persistence of this activity after the patient stopped 
overventilating 
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ean be considered electrographically 
specific) electrical abnormalities. The 
symptoms and their incidence in this 
group are not significantly different 
from the group with 14 and 6 per see- 
The relative 

pain, 


ond positive spikes only. 
incidence of attacks of ete., 
frank seizures, and behavioral abnor- 
malities are not statistically different 
in the two groups. The most impor- 
tant finding in terms of the question 
of whether or not the 14 and 6 per 
second positive spike pattern is an 
abnormality is the relatively low inei- 
dence in these two groups of patients 
who had no symptoms of this particu- 
lar type. Many of these patients were 
children who were being studied seri- 
ally following head injury or encepha- 
litis; the 14 and 6 per second positive 
spike pattern generally appeared fol- 
subsidence of the acute 
abnormality, 


lowing the 
diffuse electrographic 
the pattern apparently developing as 
a residual of the cerebral insult. The 
question of children 
may develop the clinical symptoms 


whether these 
associated with the presence of 14 and 
6 per second positive spikes is not yet 
answered for all patients, but many of 
them have been seen to develop the 
typical attacks. 

Fig. 5 shows what happens if the 
patient 
whieh the electroencephalograms also 


sample includes eases in 
revealed discharging focal abnormali- 
ties. In this group also, there was a 
relatively high incidence of autonomic 
and pain disturbances, but, as might 
be expected, the frequency of con- 
vulsive seizures was greater than in 
either Group 1 or Group 2. 


If paroxysmal generalized spike 
and wave patterns are present in ad- 
dition to 14 and 6 per second positive 


spikes, the incidence of frank convul- 
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sions or episodes of unconsciousness is 
very high (73 however, 
significant numbers of these children 
(33 per cent) also have attacks of pain, 


per cent); 


autonomie disturbanee, or behavioral 
abnormalities. 


CASE REPORTS 


1. Pain and Autonomic Disturb- 


ances.—A typical example of the cases 
with so-called convulsive equivalent 
symptoms is Patient F. H., age 7 years, 
8 months. 

This patient was referred for elec- 
troencephalography because of a 2 
year history of attacks of abdominal 
pain which were not related to meals, 
exercise, or any other particular fac- 
tor. Each of these attacks lasted 10 
to 20 minutes. The severity of the 
pain waxed and waned during this 
period. The pain was sharply local- 
ized in the center of the abdomen and 
did not radiate. The attacks occurred 
only while the patient was awake. 
Initially, the attacks occurred every 
3 to 4 months but later began to occur 
as often as 3 to 5 times a week. Each 
attack developed and subsided rap- 
idly. Sometimes the child vomited 
onee or twice at the height of the 
attack. The vomiting was immedi- 
ately preceded by pallor and oceasion- 
ally a temperature elevation to 103° 
or 104° F. The temperature elevation, 
pallor, and vomiting subsided when 
the abdominal pain stopped. No aura 
or premonitory symptoms and no post- 
ictal abnormalities were noted. The 
past history was unremarkable. The 
child was of normal intelligence, was 
in the third grade in school, and was 
doing well. She did not present a 
behavior problem. The only signifi- 
eant family history was that a pater- 
nal grandfather had had epilepsy. 
The physical examination was within 
normal limits. The waking EEG was 
poorly organized and moderately slow 
for the child’s age. During light sleep 
repeated bursts of 14 and 6 per second 
positive spikes were recorded. 
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Fig. 4.—An analysis of the 224 patients whose electroencephalograms showed nonspecific 


abnormalities in addition to 14 and 6 per second positive spikes (Group 2). The dotted areas 
again represent patients who had more than one type of symptom. The statistical distribution 
of symptoms does not vary significantly from the group of patients in whom 14 and 6 per 
second positive spikes were present in “pure culture.” The high incidence of convulsive 
equivalent attacks is again striking. 
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Fig. 5.—An analysis of the patients whose electroencephalograms showed focal discharges 
in addition to 14 and 6 per second positive spikes (Group 3). Note the increased incidence 
of seizures, but the incidence of convulsive equivalents remains essentially the same. 
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Fig. 6.—An analysis of the patients whose electroencephalograms showed both spike and 
wave bursts and 14 and 6 per second positive spikes (Group 4). The highest incidence of 
convulsive seizures and/or episodes of unconsciousness occurred in this group. 
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2. Behavioral Disturbances.—Al- 
though the number of patients in this 
series showing behavioral disturbances 
is not statistically impressive, indi- 
vidually this group is interesting be- 
cause of a close correlation between 
the presence of 14 and 6 per second 
positive spikes and a clinical history 
of episodes of aggressive and destrue- 
tive behavior. This has been noted by 


other workers.* 
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mother’s garage; on another oceasion 
he broke into a _ neighbor’s home 
through the window, broke their radio 
into small pieces, and threw mud 
around the house. This outburst was 
quite unprovoked and apparently oe- 
curred without specific malice. He 
oceasionally broke windowpanes and 
sereen doors for no apparent reason. 
He oceasionally killed animals. When 
he was questioned as to reasons for 
committing these acts, his only re- 
sponse was to shrug and say that he 
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Fig. 7 \ 
F. H., age years, 

A characteristic example of the type 
of clinical picture seen in the behav- 
ioral disorders associated with 14 and 
6 per second positive spikes is Patient 
R. R., 

This boy was referred for electro- 
encephalography because of behavioral 
abnormalities which had been evident 
since the age of about 7 vears. These 
oceurred episodically, and at other 
times the patient was an agreeable 
and easily managed child. The epi- 
sodes of behavioral disturbances were 
generally of a destructive nature. On 
one occasion he set fire to his grand- 


age 10 years, 11 months. 


sample, demonstrating the 14 and 6 per second positive spike pattern 
sample occurring in 6 per second bursts), taken from the sleep electroencephalogram of Patient 
7 7 months, who was studied because of attacks of abdominal pain. 


(in this 


didn’t know why he did it. Various 
kinds of punishment were adminis- 
tered such as physical chastisement, 
deprivation of pleasures, pocket 
money, and so on, but all proved in- 
effective. Twice during the past year 
he had had *‘ fainting spells’’; the first 
oceurred when he was being questioned 
by his father about an episode in 
which he attempted to tear down the 
wall around the back of the house. 
He suddenly fell backward, his eyes 
rolled up, and his face was pale. He 
was unresponsive for about 20 see- 
onds. At first he was rigid, then 
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flaccid. He was picked up and put in 
bed and appeared to be quite normal 
in 2 or 3 minutes. The second “faint- 
ing spell” also occurred when he was 
being reprimanded by his father and 
it was essentially similar to the first 
one. The child occasionally com- 
plained of severe “stomach-ache” and 
vomiting during or immediately fol- 
lowing one of his episodes of destrue- 
tive behavior. 


LET 
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ETIOLOGY 

In the majority of the patients in- 
cluded in this study it was not possible 
to implicate a specific etiological cause 
for the abnormality. Head injury 
(115 patients or 20.9 per cent) and 
encephalitis (97 patients or 17.7 per 
cent) were the most commonly ocecur- 
ring antecedent factors in the history 


A an tll tat hate Rh tall eee hee nee ie en ed oe ee 


LTP VN ae allan nyyanry enaal awer A 


LP-RP Neen WANA Wey tel er i Ha Jet naling 
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Fig. 8.—Bursts of positive spikes (in this sample occurring in 14 per second bursts) were 
present in the sleep electroencephalogram of Patient R. R., who had attacks of sudden destruc- 


tive behavior. 


The past history was unremarkable 
except that the child’s head had had 
severe bruises following delivery. The 
family history and other personal 
history were not remarkable. The 
physical and neurologic examination 
revealed no evidence of abnormality. 
The EEG showed episodes of 14 and 6 
per second positive spikes in sleep. 
The waking record was normal. 

This case is an example of those 
which are classified in Figs. 1, 3, 4, 
and 5 as belonging in the “mixed” 
group, in that the child had attacks 
of unconsciousness in addition to epi- 
sodic destructive behavior. 


which could be implicated as the 
causative agent. Some of the patients 
(21 patients or 3.8 per cent) who were 
included in this study and who had 
no ictal or equivalent symptoms at the 
time the electroencephalograms were 
made were children who were being 
followed serially following a head in- 
jury or encephalitis as has been noted 
above. These children developed 14 
anc 6 per second positive spikes 
usually after the resolution of the ini- 
tial diffuse abnormality. Prolonged 
follow-up studies in most of the chil- 
dren in this group demonstrated that 
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the majority of patients showing 14 
and 6 per second positive spikes after 
an injury or illness of this type even- 
tually develop the clinical syndrome 
with which this pattern appears to be 
associated. 

The evidence indicates that the cere- 
bral insult which produces the EEG 
abnormality and the associated symp- 
toms may sometimes be a subtle one. 
This is suggested by our experience 
of the pattern 
develop in children following a minor 


seeing electroclinical 
head injury or an exanthematous dis- 
ease in which there was no clinically 
involvement. 
the clinical 


apparent encephalitic 


In such eases, however, 


the 
exanthematous disease 


records of illness often revealed 


that the 
somewhat unusual in its course in that 


was 


there were uncommonly high or pro- 
longed of irri- 


tability, or lethargy, ete. 


bouts fever, unusual 

Heredity certainly does not appear 
to be a significant etiological factor. 
In these 550 patients, less than 2 per 
cent had a family history of any kind 
of disorder of the nervous system. 

INCIDENCE 

The 14 and 6 per second positive 
spike pattern is much more common 
in children than it is in adults. The 
pattern appeared in 10.2 per cent of 
all children to 
tories for study because of symptoms 


referred our labora- 


referable to the central nervous sys- 


tem. In striking contrast to this is 
the incidence of 0.53 per cent in a 
series of 14,000 adult patients. The 


explanation of this marked difference 
in incidence is unknown but it is sug- 
vested, the 
studies,’ that the age at which a cere- 


bral insult is incurred is a significant 


on basis of ontogenetic 
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factor in determining the character of 
the electrographic and probably the 
clinical abnormality which results. 

Long-term follow-up (up to 7 years) 
of patients in this group have shown 
that the general trend or tendency is 
for the EEG abnormality and the 
clinical symptoms to disappear with 
increasing age. This would account 
for the shape of the age incidence 
curve and is the basis for the clinical 
fact that paroxysmal abdominal pain 
and headache of this type are compara- 
tively rare in adults. 

Fig. 9 shows the distribution of the 
abnormality in the various age groups. 
It is relatively rare before the age of 
4 to 6 years. The peak of incidence 
and 1314 years of age, 
with a sharp at 9 to 10 
The drop in incidence is fairly 


is between 4144 
maximum 
years. 
rapid thereafter. 
PROGNOSIS 

The length of time during which 
any one child will show positive spikes 
is, of course, highly variable; but it 
has been our experience that the ab- 
normality tends to disappear within 1 
to 2 


which it is first seen. 


years regardless of the age at 
Exeeptions to 
this occur and we have seen patients 
who showed positive spikes for as long 
as 7 years. 

As has been reported by others,’ the 
symptoms associated with positive 
spikes are frequently relieved or im- 
The 
patients who showed the best response 
to 
attacks 
Children who have attacks of sudden 
onset of headache, abdominal pain, 


proved by anticonvulsant drugs. 


anticonvulsants are those whose 


are paroxysmal in nature. 


unexplained destructive behavior, or 
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episodic attacks of autonomic dys- 
function (fever, pallor, sweating, etc.) 
usually are improved with such treat- 
ment. Clinical seizures ineluding 
syncopal attacks are also amenable to 
anticonvulsant drug therapy. How- 
ever, disorders which are of a contin- 
uous or chronie type, for example, 
continuous behavioral abnormality or 
endocrine dysfunction, rarely show 
good response to drug therapy. 


NUMBER OF PATIENTS 
os 888 8SSASS88 





3-45 45-6 6-75 


AGE | 
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istics of the electrical discharge and 
its distribution (field) at the scalp do, 
however, indicate a deep midline 
origin.® 

Unlike the 3 per second spike and 
wave pattern, the 14 and 6 per second 
positive spike pattern does not con- 
stitute the seizure discharge itself. 
This is demonstrated by the fact that 
the patients showing this abnormality 
in interictal periods generally show 





9-10} 1OF-12 12-135 134-15 15-164 
YEARS 


Fig. 9.—An analysis of the age incidence of children with 14 and 6 per second positive spikes. 


Dilantin either alone or with pheno- 
barbital has proved the most effective 
therapy in the majority of our cases. 

DISCUSSION 

The 14 and 6 per second positive 
spike pattern is believed to be electri- 
cal evidence of disordered brain fune- 
tion. suggested 
that the pattern is a sign of an epi- 
leptiform disturbance originating in 
the thalamus or hypothalamus. The 
Gibbses based this hypothesis almost 
entirely on the character of the clinical 
accompaniments of the electrographic 
abnormality and no definitive experi- 
mental work has been done which 
proves this discharge originates in 
Certain character- 


Gibbs and Gibbs’ 


the diencephalon. 


other types of paroxysmal activity. 
usually hypersynchronous slow, at the 
time of a clinical attack. This pattern, 
then, is a sign of disorder in a particu- 
lar functional system. The underlying 
lesion of which the electrical abnor- 
mality is a manifestation apparently 
is generally epileptogenic in that it 
usually is associated with clinical and 
electrical abnormalities of paroxysmal 
character. 

As the 14 and 6 per second positive 
spike pattern is not itself a seizure 
discharge, it cannot be expected to 
have a clinical correlation of the same 
degree of specificity that, for example, 
the 3 per second spike and wave pat- 
tern exhibits. The discharge must be 
considered more akin to a temporal 








592 


lobe spike focus, a sign of abnormal 
activity in a relatively large and com- 
The 


abnormally dis- 


neuronal system. exact 
localization of the 


charging area within this structure is 


plex 


the factor which determines the char- 
acteristics of the seizure 
phenomena which the patient will ex- 
The ability of the discharge 
determines 


clinical 


perience. 
and increase 
not the patient will ex- 


clinical 


to spread 
whether or 
paroxysmal 


perience any 


symptoms. The situation is essentially 
similar in a ease of 14 and 6 per second 
positive spikes, the seat of the abnor- 
mality, however, being in some deep 
midline (diencephalic?) strueture. 


SUMMARY 

A study of a series of 550 patients 
showing the electroencephalographic 
pattern known as 14 and 6 per second 
positive spikes has shown that this 
pattern is a particular correlate of 
convulsive equivalent disorders in chil- 
dren and provides objective laboratory 
evidence to support such a diagnosis. 
The high 
attacks of headache, abdominal pain, 
and behavioral and autonomie disturb- 


incidence of paroxysmal 


anees in patients with the 14 and 6 
per second positive spike pattern may 
be considered the basis of definition 
for a specifie electroelinical syndrome. 
This syndrome has its greatest inci- 
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dence between the ages of 4 and 15 
years but may occur at any time of 
life. 
favorable for spontaneous remission 


The prognosis in children is 


of symptoms with increasing age, and 


good therapeutic response to anti- 
convulsant drug therapy is usually 


the case. 
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AMINOACIDURIA IN EPILEPSY 


C. Cuoremis, M.D.,* V. KyRIAKIDEs, AND .). 


Karpouzas, M.D. 


ATHENS, GREECE 


N INCREASED understanding of 


biochemistry and the development 
of new techniques for the study of 
metabolic disorders have resulted in an 
improved insight into the biochemieal 
abberations responsible for or associ- 
ated of the central 
nervous system." ** Genetically de- 
termined 
functions are associated with some dis- 


with disorders 


defects in __ biochemical 


central nervous system 
is in phenylketonuria and 
In 


have 


orders of 
function ¢ 
hepatolenticular degeneration.* ° 
light of such abnormalities we 
studied the patterns of the amino acids 
in the serum and urine of patients 


with a variety of convulsive disorders. 


MATERIAL AND METHODS 


Determinations were made of the 
amino acid content of the urine and 
serum of children classified as having 
grand mal epilepsy in 5 instances, petit 
mal epilepsy in 2, both grand mal and 
petit mal in 3, and status epilepticus 
in 4. Two patients with encephalitis 
were also similarly studied. The pa- 
tients were from 2 to 10 years of age. 
the 
urine and serum of 6 normal children 
The 


patients were studied before seizures, 


Measurements of amino acids in 


of similar age served as a control. 


during seizures, between seizures, and 
From St. Sophia’s Children’s Hospital Pedi- 
atric Clinic of Athens University. 
*Address, St. Sophia's Children’s Hospital 
Pediatric Clinic of Athens University, Athens, 
Greece. 





following suecessful anticonvulsive 
therapy when the child was free of 
Three the children 


controls received pheno- 


convulsions. of 
selected as 
barbital, tridione, or hydantoin, 
spectively, to determine whether the 
drugs might modify aminoaciduria to 
some extent. No evidence was found 
of an effect by these drugs upon the 
amino acid content of either the serum 


re- 


or the urine. 


Two-dimensional chromatography 


was performed by the methods of 
Consden, Gordon, and Martin® and 
of Dent** with phenol-water and 


pyridine-amyl aleohol—water used as 
the solvents. Patterns were obtained 
with 0.05 ml. of protein-free serum 
and with urine containing approxi- 
mately 500 gamma of nitrogen. All 
chromatograms of urine were per- 
formed upon an aliquot of a 24 hour 


collection. 
RESULTS 

Serum Amino Acids.—The assays of 
the the 
presence of only 4 to 6 amino acids 
which were identical to those observed 
in the control group. The intensities 
of the Ninhydrin-stained spots were 
equivalent to 10 to 30 gamma of a 
In addi- 
tion, the amino acid nitrogen concen- 
trations in the sera of the patients 
were within the normal range. 


sera from patients showed 


prototype taurine solution. 
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Fig. 1 Child, 10 years of age, with grand mal epilepsy i. Serum and B, urine chro- 


matograms during convulsive seizure; C, serum and PD, urine chromatograms 40 days later, 
when the patient was free of seizures 
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Fig. 1A Same case as in Fig. 1 Electroencephalogram with atypical complexes of spikes 


and waves and/or spikes 
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Fig. 2.—Child, 4 years of age, with grand mal and petit mal seizures. i, Serum and B, 


urine chromatograms during convulsive seizures; C, serum and D, urine chromatograms 9 days 
later, when the patient was free of seizures. 
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Fig. 24.—Same case as in Fig. 2. Electroencephalogram with slow waves and complexes of 
spikes and waves. 
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Fig. 3.—Child, 5% years of age, with encephalitis. A, Serum and B, urine chromatograms 
during convulsive seizures; C, serum and D, urine chromatograms 7 days later, when the 
patient was free of seizures 
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Fig. 34.—Same case as in Fig. 3. Electroencephalogram with generalized slow waves. 
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Fig. 4.—Child, 9 years of age, with status epilepticus. A, Serum and B, urine chromato- 
grams during an episode of status epilepticus; C, serum and D, urine chromatograms after 
improvement. 








Pam 
~ lh Fig oe mA ee me Oe 
eres names foe Bho Ze ’ . 


Fig. 44.—Same case as in Fig. 4. Electroencephalogram with almost complete abolition of 
electrical activity. 
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Urinary Amino Acids.—Four to 6 
amino acids were present in the urine 
of the patients between attacks and 
ufter control of the seizures with anti- 
convulsive therapy and thus were com- 
parable to the observations in the chil- 
dren of the The in- 
tensities of the spots on the chromato- 


control group. 
grams were equivalent to 10 to 30 
gamma of taurine. 

inereased 
aminoaciduria was observed in 13 of 
The majority of the 


During the seizures an 
the 16 patients. 
amino acid spots showed intensities 
equivalent to 50 to 100 gamma of the 
prototype taurine solution (Figs. 1-4 
and Table I). Alanine, aspartic acid, 
valine, glycine, glutamie acid, histidine 
and tyrosine were found in the urine 
of all 18 patients. Glutamine and 
threonine found in 2 patients; 
methionine and cystine in 8; lysine 
and _ pheny!l- 
alanine, a@-aminobutyrie acid and 
tryptophan in 2. All abnormal urine 
13 to 17 amino acids. 


were 


and methionine in 3, 


contained from 

The 3 patients who had an essentially 
normal pattern of urinary amino acids 
were the 2 with only petit mal attacks 
and one of those with status epilepticus 
who was in coma but who did not have 
museular contractions. 

The electroencephalographie patterns 
were consistent with the diagnoses; the 
patients with encephalitis showed gen- 
waves in both hemi- 


eralized slow 


spheres. 
DISCUSSION 
An abnormal aminoaciduria in which 
the number of amino acids in the urine 
appeared to be related to the severity 
13 of 


16 children with epilepsy despite ap- 


of the convulsions was found in 


normal eoneentrations of 


parently 
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amino acids in the patients’ sera as 
determined by chromatography tech- 
nique. The aminoaciduria appeared to 
be related to the severity of muscular 
contractions since it was most evident 
in those patients with grand mal 
epilepsy and was minimal in those 
with petit mal and in one patient with 
status epilepticus who was in coma but 
who did not have muscular contrae- 
The decreased 
as seizures were controlled and became 
normal when they entirely. 
There was poor correlation between the 


tions. aminoaciduria 


ceased 
severity of electroencephalographic 
changes and aminoaciduria; this was 
most evident in the patients with petit 
mal epilepsy in whom there were typi- 
cal spike and wave complexes with no 
abnormal aminoaciduria. 

The 
aciduria 
the concentration of alpha—amino acid- 
nitrogen in the serum was demonstrable 
by the chromatographic techniques 
used or by chemical analysis. The 
aminoaciduria would appear to be the 
result of functional renal changes. 
However, further studies of the clear- 
ances of amino acids by the kidney and 
of the effects of anoxia, urinary pH, 
and output amino- 
aciduria are required before the patho- 


pathogenesis of the amino- 


is obscure. No inerease in 


urinary upon 


genesis will be clarified. 


SUMMARY 


Amino acid chromatograms of serum 
and urine were obtained from patients 
with epilepsy and encephalitis before, 
during, and after convulsions and were 
compared with those of normal chil- 
dren. 

Increased aminoaciduria with normal 
levels of amino acids in the serum was 
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observed in 13 of 16 patients during 
periods of active convulsions and ap- 


pears to be related to the severity of 


the seizures. 


- Quastel, J. 
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STRONGYLOIDIASIS 


Pau. Hucuton, M.D.,* ANp Rospert Horn, M.D. 
NASHVILLE, TENN. 


HILE strongyloidiasis infection 

is found in all ages, the incidence 
of this condition in the childhood age 
group is not wholly appreciated, nor 
is the potential seriousness of the dis- 
ease usually recognized. Because of 
the paucity of material on this subject 
in the pediatric literature, this series 
of 16 cases of strongyloidiasis, includ- 
ing 3 autopsied cases, is presented in 
the hope that those concerned with the 
eare of children will be reminded of 
the potentially serious nature of this 
infection. 


INCIDENCE AND GEOGRAPHICAL 


DISTRIBUTION 

The distribution of the 
worldwide, the greatest incidence being 
found in moist tropies.. A conserva- 
tive estimate of the incidence in North 
America is 400,000 infected people, 
compared to 35 million in the world. 
One to five per cent of people in the 
southern United States are infected, 
compared to less than 1 per cent in 
the United States?; only 
seattered cases are reported in Can- 
South 


have at least 10 million cases. 


disease is 


northern 


America 
There 


seems to be a seasonal variation, with 


ada. Mexieo and 


the greatest incidence in late summer 


and early autumn. Negroes are af- 


fected about four times less frequently 


than other races.* Several series indi- 


eate that at least 50 per cent of the 
From the Departments of Pediatrics and 
Pathology, Vanderbilt University School of 
Medicine. 
*Present address: University of Chicago 
Clinics, Chicago 37, Ill 
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occurrences of strongyloidiasis were 
in persons less than 20 years of age.* 


LIFE CYCLE 

In order to understand fully the 
pathology and symptomatology pro- 
duced by Strongyloides stercoralis, it 
is necessary to know the life eyele of 
this parasite, which is similar to that 
of the hookworm.’ The filariform 
larvae develop in soil and infest the 
host by penetrating the skin, passing 
through the lymph and blood channels 
to the lungs, and then to the small in- 
testine via the bronchial mucosa and 
esophageal route; there they develop 
into adults who mate. The females 
burrow into the intestinal mucosa 
where they lay eggs which hatch into 
rhabditiform larvae. The latter re- 
turn to the lumen of the intestine 
where they may follow one of two 
courses: (1) they may develop into 
filariform larvae which are infective 
for man; (2) autoinfection may occur 
by means of dwarf filariform larvae 
(a) penetrating the perianal skin or 
(b) invading the ileum and colon from 
which the filariform larvae pass back 
to the lungs and renew the cyele.* ° 

Using dogs as the experimental 
hosts, Faust’? established that the lung 
phase oceurred 3 to 30 days after the 
skin was infected and that the intes- 
tinal phase occurred as early as 11 
days after the skin infection. He also 
demonstrated that most forms of the 
parasite could be found in the bron- 
chioles, thus theoretically allowing a 
third means of autoinfection.’ 
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Although the parasite cannot en- 
dure refrigeration and lives less than 
7 days in moist soil, it maintains itself 
in the soil by the free-living eycle.* 


ANALYSIS OF VANDERBILT 
HOSPITAL CASES 


CLINICAL 


vases of stronglyloidiasis 
Vanderbilt 
University Hospital since 1936, 8 of 


Sixteen 
have been diagnosed at 


which were in males and 8 in females. 
Fifteen were in white patients and 
one in a Negro; 9 were in children 
The children’s 
months to 8 


and 7 were in adults. 
ages ranged from 16 
years. 

Three patients complained of ab- 
dominal pain, 4 of weakness and im- 
perfect locomotion, 3 of diarrhea, and 
3 of swelling of the extremities; other 
complaints were vomiting, “worms,” 
meningitis, bumps on the legs, and 
“fits.” 

Parasitic infection was one of the 
initial clinical impressions in 5 of the 
9 infected children, the nephrotic syn- 
drome in 3, and malnutrition in 4; 
acrodynia, celiac syndrome, multivita- 
min deficiencies, pneumonia, and peni- 
cillin reaction were each listed one time 
in a differential diagnosis. Strongy- 
loides was found on routine stool ex- 
amination in 2 children, one of whom 
had meningococcal meningitis and the 
other one, hypoparathyroidism. 

In adults parasitic infection was 
listed as one of the clinical impres- 
sions in 2 of the 7 cases, gastrointes- 
tinal malignancy in 2, and nephrosis in 
2; leukemia, anxiety state, gallbladder 

riboflavin 
pneumonia 


disease, ulcerative colitis, 
deficiency, and atypical 
were each listed once. 

The signs and symptoms found in 
all 16 patients were in general the 
usual ones recorded in the literature. 
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Diarrhea, vomiting, and weight loss 
were the most frequent symptoms, 


ach being present in 9 cases. Weak- 
ness was present in 8 cases, abdominal 
pain in 7, and anorexia, fever, or a 
semistuporous state in 5. Edema was 
the most common sign, being found in 
9 cases, a somewhat greater incidence 
than has been previously reported. 
Melena was reported in 4 eases; urti- 
earia, cough, and dyspnea appeared in 
6. Other signs and symptoms which 
appeared less frequently were consti- 
pation, nausea, indigestion, malaise, 
and headache. 

Eosinophilia, present in 13 
was the most constant laboratory find- 
Anemia was present in 11 pa- 


*ases, 


ing. 
tients, leukocytosis in 10, and occult 
melena in 5. Hypoproteinemia, an- 
other finding not heretofore reported, 
was present in 5 patients. 

In 15 patients the larval forms were 
found in stool specimens, the remain- 
ing case was diagnosed at postmortem 
examination. 

Of the 16 
with gentian violet only, 3 with Hetra- 
zan, 1 with Delvex, and 1 received no 
treatment. Only 1 patient is known 
to be cured; 1 is presumed to be 
cured; 4 are presumed to be still in- 
fected; 2 are be still in- 
fected; and 5 are completely lost to 
follow-up. Three patients were ex- 
amined at post mortem. 


eases, 11 were treated 


known to 


CASE REPORTS 


Case 1 (1958).—A_ 16-month-old 
white girl was admitted to Vanderbilt 
Hospital with an illness of 5 weeks’ 
duration, which started with progres- 
sive anorexia, vomiting, irritability, 
and lethargy. Approximately 2 weeks 
prior to admission to this hospital she 
was admitted to another hospital with 
the tentative diagnosis of pneumonia. 
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After 12 days of therapy with anti- 
bioties and intravenous fluids she was 
discharged as unimproved. Shortly 
thereafter she developed diarrhea and 
was brought to Vanderbilt Hospital. 
Physical examination revealed nor- 
mal vital signs, pallor, pedal edema, 


malnutrition, and a distended ab- 
domen. Hemoglobin was 6.3 Gm. per 
cent. The white blood eell count 


varied from 1,000 to 15,000 per cubic 
millimeter, with 12 per cent eosino- 
phils. Total serum protein was 2.1 
Gm. per 100 ml, (1.1 Gm. per 100 ml., 
albumin). The serum sodium and 
chloride levels were low. Stools were 
guaiac-positive and Strongyloides ster- 
coralis larvae were seen on one occa- 
sion. 

In spite of vigorous therapy with 
parenteral fluids, blood, albumin, 
Chloromyeetin, and Hetrazan, she had 
persistent vomiting and abdominal 
distention and died on the ninth hos- 
pital day, apparently from severe re- 
spiratory distress. 

Postmortem examination (V-58-179) 
revealed a malnourished infant with 
marked abdominal distention. There 
was moderate effusion in all serous 
cavities. 

The lungs showed extensive pul- 
monary hemorrhage, rare strongyloides 


larvae, and little inflammatory re- 
sponse. In the submucosa of the 
trachea numerous foreign-body type 


granulomatous reactions were present, 
in which no parasites were seen. 

The duodenum and proximal jeju- 
num were marked by innumerable 
small uleerations. Larval and adult 
Strongyloides stercorales were recov- 
ered in large numbers in the intestinal 
contents. On microscopic examination 
it was found the duodenal and jejunal 
uleerations extended deep into the sub- 
mucosa where there was intense acute 
and chronic inflammatory change. 
Adult worms, larvae, and ova were 
present in large numbers in the mucosa 
and submucosa. 

The entire colon showed extensive 
submucosal hemorrhage and early mu- 
cosal ulceration. Numerous filariform 


larvae were present in the submucosal 
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veins, lymphatics, lymphoid follicles, 
and tissue spaces. The inflammatory 
responses were minimal. There was se- 
vere fatty change in the liver. No 
other significant abnormalities were 
present. 


Case 2 (1956)—A 314-year-old 
white boy was transferred to Vander- 
bilt Hospital from a local hospital be- 
cause of uncontrolled vomiting and 
diarrhea. Three and one-half weeks 
prior to admission the child had a gen- 
eralized rash of several days’ duration 
which was felt by the family to be 
measles. He recovered promptly but 
several days later he developed vomit- 
ing, diarrhea, fever, pedal and scrotal 
edema, and abdominal distention. He 
was admitted to another hospital where 
the vomiting and diarrhea persisted 
while he was on exiensive antibiotic 
therapy. , He was reported to have 
passed two ‘‘long, large worms’’ while 
in the hospital. 

Physichl examination on admission 
revealed /pedal edema, pallor, perianal 
erythemd, and norma! vital signs. Lab- 
oratory qtudies revealed a total serum 
protein of 2.6 Gm. per 100 ml. (1.6 
Gm. per ‘100 ml., albumin), low serum 
sodium, potassium, and chloride, and 
a white blood cell count of 5,000 per 
eubie millimeter, with 28 per cent 
eosinophils. Large numbers of Stron- 
gyloides stercoralis were present in the 
stool. The admission hemoglobin of 
10.8 Gm. per cent fell to 8.0 Gm. per 
cent after partial dehydration. 

In spite of intensive parenteral fluid 
therapy and antibioties no significant 
correction of the electrolyte imbal- 
ance was established. His course was 
marked by ileus, persistent vomiting, 
tetany, seizures, electrocardiographic 
abnormalities, and fever. Terminally, 
he developed congestive failure and 
died on the twelfth hospital day. 

Postmortem examination (V-56-90) 
revealed infection with Strongyloides 
stercoralis in the small and large in- 
testines. An ulcerative colitis was 
present grossly, and on microscopic 
examination innumerable  strongy- 
loides larvae and monilial forms were 
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found to be present. There was a 
hemorrhagic pneumonia in which as- 
pergilli were apparently growing; no 
strongyloides forms were seen. Blood 
culture was positive for Escherichia 
coli. Additional findings were hemor- 
rhage and degeneration of the adre- 
nals, severe fatty infiltration of the 
liver, and anasarea. 


CasE 3 (1936)—A 11-year-old 
white girl was admitted to Vanderbilt 
Hospital with a 3-week history of diar- 
rhea, weight loss, abdominal distention, 
and oceasional vomiting. 

Physical examination revealed a 
wasted infant with a temperature of 
100° F., edema of the legs, and a dis- 
tended abdomen. Significant labora- 
tory findings were 1+ albuminuria and 
the presence of asearis in the stool. 

She was treated with parenteral 
fluids, but diarrhea and progressive de- 
bilitation continued and she died on 
the ninth hospital day. 

Postmortem examination (V-36-119) 
revealed large numbers of asecaris and 
strongyloides larvae in the intestinal 
contents. There was infiltration of 
the submucosa of the small and large 
intestines with leukocytes, predom- 
inantly eosinophils. Several strongy- 
loides ova were seen in the ileum, but 
no parasites or ulcerations were noted 
in the ileum or colon. The lungs 
showed congestion, edema, numerous 
small hemorrhages, and an occasional 
strongyloides larva in the area of the 
hemorrhage. 


PATHOGENESIS 


The portal of entry of this parasite 
is thought to be a cutaneous surface 
in most instances; the site of invasion 
may be marked by erythema, edema, 
and pruritus. However, a rash was 
noted (historically only) in one of our 
patients and was thought to have been 
a mild ease of measles. Failure to 
document a lesion at the portal of en- 
try may be because: (1) the invasion 
did not produce a significant rash, or 
(2) the initial infection was remote 
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and the terminal illness was due to 
autoinfection fatal 
strongyloidiasis occurring years after 
the patient has left an endemic area.* 


as in eases of 


Following cutaneous entry, the in- 
fective filariform larvae pass to the 
pulmonary eapillaries where they 
egress, enter the alveolar spaces, and 
produce hemorrhages by disruption 
of the capillary walls. All 3 of 
autopsied patients showed pulmonary 
hemorrhage. In Case 1 hemorrhage 
was severe and there was little in- 
flammatory reaction and no evidence 
of secondary infection. In Case 2 the 
severe hemorrhage was complicated by 
a mycotic pneumonitis thought to be 
secondary to debilitation and pulmo- 
nary injury. In the third case small 
hemorrhages were the predominant 
lesions. Rare Strongyloides stercoralis 
larvae were demonstrated in the lungs 
in Cases 1 and 3. 


our 


Following the entry of the filari- 
form larvae into the alveolar spaces, 
the organisms ascend the tracheobron- 
chial tree and enter the gastrointes- 
tinal tract. During this part of the 
migration, maturation into adult 
forms is occurring. It has been re- 
ported that some of the maturing 
larvae may invade the mucosal glands 
of the trachea or bronchi, possibly 
causing the granulomatous reaction in 
the submucosal glands of the trachea 
noted in Case 1. These lesions con- 
sisted of necrotie debris, multinucleated 
giant cells and chronic inflammatory 
cells; no parasites could be found. 
Sections of the trachea large 
bronchi were not taken in Cases 2 and 


9 
od. 


and 


The mature impregnated females in- 
vade the intestinal mucosa distal to 
the pylorus, the 
duodenum and jejunum, but invasion 


predominantly in 
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may occur at any level. Adult worms 
and ova were seen in the submucosa 
of the small intestine of our three 
autopsied patients and there were 
definite ulcerations In the 
third ease, although numerous Strongy- 
loides stercorales found in the 
fecal material, no ulcerations or in- 
vading organisms were demonstrated 


in two. 


were 


on histologic examination. 

In 2 eases there was a severe colitis, 
with innumerable filariform larvae in 
the colonic submucosa. In the third 
vase only congestion and eosinophilic 
infiltrate were demonstrable. Appar- 
ently in 2 patients the colon was the 
site of extensive autoinfection and in 
both of these children severe pul- 
monary hemorrhage was observed at 
postmortem examination. Since with 
ecolonie autoinfection the filariform 
larvae pass through the lungs again, 
it seems reasonable that at this time 
the pulmonary infection might be 
heavy enough to cause respiratory 
failure. 

Other findings in all 3 eases were 
those expected with debilitation, mal- 
nutrition, and secondary infection, 
i.e., edema, emaciation, fatty liver, 
and moniliasis. It is not clear whether 
the malnutrition renders the individ- 
ual more susceptible to strongyloides 
or whether the overwhelming infee- 
tion produces debility. Perhaps both 
suppositions are true. 

Rare lesions (not seen in our eases) 
deseribed in the literature inelude in- 
volvement of the gallbladder, liver, 
pericardium, 


stomach, lymph nodes, 


and genitourinary tract.* ™'* ™ 


DIAGNOSIS 
The diagnosis of the disorder is 
based on fitting together symptoms, 
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signs, laboratory findings, radio- 
graphic findings, and skin and precipi- 
tin tests, and demonstration of the 
characteristic larvae in either stools 
or duodenal aspirate by microscopy or 
by a special stool-culture method. Al- 
though none of the symptoms or signs 
is diagnostic by itself, certain of these 
occur with such frequency that their 
appearance should make one suspi- 
cious of strongyloidiasis. One of the 
most frequently found symptoms is 
abdominal pain, which may be diffuse, 
well localized, colicky, gnawing, dull 
or heavy, and variably effected by eat- 
ing. Diarrhea is a common finding 
and it may oceasionally be bloody. 
Nausea, vomiting, anorexia, and indi- 
gestion all oecur frequently. Malaise, 
weakness, and headache complete this 
nonspecific group of symptoms. 

Occasionally, cough and, less fre- 
quently, hemoptysis and/or dyspnea 
occur; rarely, pulmonary symptoms 
are severe enough to suggest pul- 
monary tuberculosis.*® 

Certain of the commonly occurring 
signs include fever, urticaria, edema, 
and jaundice. Abdominal tenderness 
is such a frequent finding that in one 
series of 100 cases, 32 patients under- 
went laparotomy.*? 

Frequently oeeurring laboratory 
findings include anemia, leukocytosis, 
hypoproteinemia, occult melena, and 
eosinophilia. The last is found in al- 
most 100 per cent of cases. Sugeges- 
tive roentgenographiec evidence is the 
finding of a pipe-stem picture in the 
second and third parts of the duode- 
num. Transit time in the affected 
loops of duodenum said to be 
slowed."® 

The skin test, though nonspecific, 
has a place in the diagnostic work-up. 


is 
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With the use of a contaminant-free 
filariform larval extract, an antigen 
is prepared which is injected intra- 
dermally. The reaction produced is 
of the immediate type and is read 15 
minutes after injection. An adjunct 
to this is the precipitin test, in which 
the same larval antigen is used and 
the patient’s serum is used for the 
antibody vehicle. Both of these tests 
were positive in 23 of 25 patients in 
whom the disease had been proved by 
stool microscopy.'® 

The sine qua non for diagnosis is the 
demonstration of the characteristic 
rhabditiform larvae in stool specimens 
or in duodenal aspirate. A patient 
should not be considered cured until 
both duodenal aspirate and stool are 
free of the parasites. 

There is still another means of diag- 
nosing this condition, viz., by a special 
stool culture. About one ounce of 
fresh feces is mixed with an equal 
amount of moist garden soil, pre- 
viously sterilized. This mixture is 
then kept in a warm, dark spot for 
7 days. At the end of the incubation 
period the container is covered with 
multiple layers of gauze, a 6-inch fil- 
ter funnel is filled with water, and the 
gauze-covered container is placed in 
the funnel so that the water level just 
touches the gauze. The larvae, if pres- 
ent, can be seen to migrate to the 
warm fluid in the funnel. Subsequent 
examination microscopically of the fil- 
trate will reveal the larvae. 


9 


PROPHYLAXIS AND TREATMENT 
Prophylaxis of the disease is based 
on the proper disposal of feces, the 
wearing of and otherwise 
avoiding contact with soil known to 
be contaminated. 


shoes, 
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The problem of eradication has been 
a difficult one since the parasite was 
first identified in 1876 by Normand. 
Glycerin, sulfur, castor oil, kerosene, 
thymol, oil of chenopodium, carbon 
tetrachloride, and aleohol have all 
been used.2° Faust in 1931 first sug- 
gested the use of gentian violet”' and, 
though it has been proved relatively 
ineffective, it is still the most com- 
monly used drug.** Its ineffectiveness 
when given intravenously is also 
known; in one report of 15 eases, 
there were no cures, and in each of 
these there was the complicating fac- 
tor of venous thrombosis.*° 

Among the tried 
group of drugs, including miracil D, 


more recently 


Mantomide, Phenergan,  stibophen, 
hexylresorecinol, quinacrine, tetracy- 


cline, fumagillin, Purpomyein, pipera- 
zine, and Hetrazan, the last has prob- 
ably had the most success. However, 
its effectiveness has also been limited. 
This drug produced negative stools in 
only 2 of 7 cases treated; toxie mani- 
festations included nausea, vomiting, 
diarrhea, weakness, and epigastric 
pain.** 

The newest and most promising an- 
thelminthie is dithiazanine (Delvex 
and Abminthic).** *° It must be given 
orally since it is damaging to renal 
tubules if given parenterally. It is 
helminthicidal only to the adult fe- 
male form. In a study of 18 patients 
who were treated with 200 mg. three 
times per day for 5 to 21 days, 16 pa- 
tients were found to be free of the 
parasite, having no larval forms in 
either duodenal 
Side reactions are said to be minimal; 
these include nausea, which at times 


aspirate or stools. 


is severe, and vomiting and diarrhea, 
which are usually transient. 
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There is also the possibility of a 


spontaneous cure according to one 
author reporting on a series of pa- 
tients in a Japanese prison camp 


where many of those known to be in- 
feeted 
without treatment.’ 


with the organism recovered 


SUMMARY 


A report of 16 cases of strongyloidia- 


> 


sis, including 3 fatal eases with autop- 
sies in children, and a review of the 
An effort has 
been made to emphasize the more im- 


and fea- 


literature are presented. 


portant clinical pathologie 


tures of this disease. 
We wish 


and assistance of Dr. Amos Christie and Dr. 


to acknowledge the guidance 
John Shapiro in the preparation of this manu 
script. 
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INCE introduced 
the term 
1925, tissue culture techniques have be- 
come available which have made _ pos- 
sible the isolation of a number of vi- 
ruses from the cerebrospinal fluid of 
patients with this syndrome. These 
observations have established a 
varied etiology than Wallgren origi- 
nally considered and suggest the term 
‘meningitis of virus origin’’ as first 
used by Rotem? as more accurately de- 
seriptive of this group of diseases. 


Wallgren’ first 
‘‘aseptic meningitis’? in 


more 


Members of the ECHO group of vi- 
ruses were first associated with aseptic 
meningitis in 1954 type 6 
strain was isolated from patients with 
4 


when a 


this syndrome.* 
Type 9 ECHO 
agents were first implicated in minor 


virus or similar 
epidemies of nonbacterial infection of 
the meninges in Great Britain in 1954 
and 1955.° ° 


however, widespread outbreaks of the 


In the summer of 1956, 


same type of disease, many of them 
with a high incidence of rash, were 
reported from Great Britain,® ** the 
Switzerland,’’ West 


low countries,’ 
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Seandinavia,’* "and 
Epidemies caused by this 


Germany,'' ' 
Canada." '* 
agent were again noted in 1957 in Can- 
ada,'*-'* Milwaukee,*” and Minnesota.*! 

ECHO virus type 9 was first isolated 
from the spinal fluid of patients with 
aseptic meningitis in Massachusetts in 
195777; in 1958, Frothingham*' re- 
ported 3 cases from Boston in which a 
rash similar to that present in menin- 
gocoecemia was noted and in which 
the same virus was thought to be the 
‘ausative agent. 

The purpose of this paper is to de- 
scribe the clinical features and viro- 
logie findings in a group of 64 cases of 
‘aseptic’? meningitis which occurred 
in the Boston area in the summer of 
1958, the majority of which were 
proved to be due to infection with type 
9 ECHO virus. 


LABORATORY METHODS 


Stools and spinal fluids were ob- 
tained soon after the patients were ad- 
mitted to the hospital. Within 12 to 
24 hours after collection, the stools 
were suspended in IHlank’s balanced 
salt solution containing 500 units of 
penicillin, 500 units of streptomycin, 
and 100 units of nystatin per milli- 
liter. Prepared stool suspensions and 
spinal fluids were stored at —20° C. un- 
til inoculation into culture. 
Acute and convalescent serums were 
drawn at an interval of at least one 


tissue 
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week. Most of the late specimens were 
obtained long after discharge of the 
patient from the hospital, as long as 
4 to 5 months in some instances. 
Primary cell cultures of human am- 
nion and Rhesus monkey kidney were 
used for isolation and identification of 
virus; only the latter were employed 
in neutralization tests. The cells were 
washed and resuspended in Melnick’s 
lacto-albumin hydrolysate medium.** 
One milliliter of the suspension con- 
taining 500,000 cells was distributed 
into a number of test tubes. The cul- 
tures were incubated at 36° C. in a 
Maintenance me- 
5 per cent horse 


stationary position. 
dium 
serum, 5 per cent calf embryonic ex- 
tract, 45 per cent calf amniotic fluid, 
and 45 per cent Hank’s balanced salt 
Human amnion cells were 
grown in 20 per cent horse serum, 
0.045 per cent glutamine, and 80 per 
eent Hank’s balanced salt solution. 
The maintenance medium used was the 
same as with the monkey kidney cell 
cultures. 


consisted of 


solution. 


After removal from the refrigerator, 
the stool specimens were centrifuged 
at a slow speed to remove the large 
particles and the supernate spun at 
4,500 r.p.m. in a refrigerated centri- 
fuge for 45 minutes. One milliliter of 
the clear supernate was inoculated into 
one tube each of monkey kidney and 
amnion cultures from which the fluid 
had been removed. After incubation 
at 36° C. for one hour, the fluid was 
poured off and fresh medium added. 
The cultures examined daily. 
Those which showed cell degeneration 


were 


were transferred once to monkey kid- 
ney cultures. The same type of culture 
was used to carry out the tests neces- 
the isolated virus. 


sary to identify 
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These tests were performed in the fol- 
lowing manner: Each of the viral 
strains isolated from the patients was 
diluted to 10° and 10° and mixed with 
a 1:25 dilution of known type 9 ECHO 
antiserum. After one hour’s incuba- 
tion at room temperature, 0.1 ml. of 
the mixture was inoculated into tissue 
cultures; these were examined every 
day for 5 days. If partial neutraliza- 
tion was observed, the test was re- 
peated using the technique recom- 
mended by the committee on ECHO 
viruses.** 

Titration of neutralizing antibodies 
in the serum of patients was also car- 
ried out in monkey kidney tissue cul- 
tures. The specimens to be examined 
were inactivated by heating to 56° C. 
for 30 minutes. They were then seri- 
ally diluted (1:4 and up) and mixed 
with an equal volume of fluid contain- 
ing 100 TCP,. of type 9 ECHO virus; 
a strain freshly isolated from spinal 
fluid was used. Following incubation 
for one hour at room temperature, 0.1 
ml. of the serum-virus mixture was in- 
oculated into each of a series of tissue 
culture tubes. Virus controls consisted 
of 100, 10, and 1 TCPs. doses. All 
cultures were studied microscopically 
daily for one week. The highest dilu- 
tion of serum completely preventing 
cell degeneration was considered to be 
the neutralizing titer. 


RESULTS 


Epidemiology—F rom July 12 to the 
end of September, 1958, 64 patients 
with nonbacterial or ‘‘aseptic’’ men- 
ingitis were admitted to the New Eng- 
land Medical Center; 55 children were 
hospitalized at the Boston Floating 
Hospital and 9 adults at the New Eng- 
land Center Hospital. 
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The great majority of cases came 
either from the city of Boston itself or 
from towns south of it. The relative 
absence of patients from communities 
to the north (only 7) was probably due 
to the fact that referrals to the Boston 
Floating Hospital of all types of dis- 
ease from this area are generally in- 
frequent. 

The age of the patients ranged from 
3 months to 30 years (Fig. 1). Three 
were under 6 months and 5 under 1 
year of age; over 5 per cent were 4 to 
9 years old. The great majority were 
less than 10 years of age. The highest 
incidence was in individuals aged 7 to 
8 years. A similar age distribution 
has been noted by other observers.” * 
15, 17, 20 

Forty-five of the patients were male 
and 19 female. These findings confirm 
the previously described predominance 
of males with this disease.*: * 17 2° 

Fig. 2 shows the seasonal distribu- 
Thirty- 
two (50 per cent) had onset of symp- 
toms in the last week of July or the 
first 2 weeks of August. 


tion of illness in the group. 


Of the 56 patients less than 20 years 
of age, 14 (25 per cent) had a history 
of family contact, one or more of their 
siblings having had symptoms of re- 
spiratory or gastrointestinal disease or 
both; some of these had had a skin 
eruption within 2 weeks of onset of the 
patient’s illness. In the 56 children 
studied, there were 2 sets of 2 siblings. 
In 4 of the 56 patients under age 20 
(7 per cent) there was a contact his- 
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tory among friends or neighbors. 

Of the 8 adults, 5 (62.5 per cent) 
had children with respiratory and/or 
gastrointestinal symptoms with fever, 
usually within a week prior to the par- 
ent’s admission to the hospital. Two 
of these ‘ash. One 
adult had been on a submarine cruise 
prior to admission; an undefined re- 
spiratory disease was prevalent among 
the The data summarized in 
Table I indicate a history of probable 
contact in 37.5 per cent of the entire 
group of 64 patients. 


eontacts had a 


crew. 


Clinical Features.—The first mani- 
festations of disease appeared in from 
3 weeks to less than one day prior to 
admission to the hospital. In 11 pa- 
tients (17 per cent) there was a bi- 
phasie picture; the initial illness lasted 
for several days, was followed by an 
asymptomatic period of varying dura- 
tion, and then symptoms recurred. 
Table II, 


fever, nausea, and vomiting were the 


As noted in headache, 
most common symptoms; all of the pa- 
tients able to give a history complained 
of headache. 

Although all but one of the patients 
had had fever sometime in the course 
of the disease, 6 (5 children, 1 adult) 
had been afebrile until entry to the 
hospital. 
tures recorded during the period of 
hospitalization varied from 99.8° F. 
to 105.6° F., exceeding 103° F. in 16 
patients (25 per cent) and ranging 
between 101 and 103° F. in 33 (52 per 
eent). After admission the duration 


Maximum rectal tempera- 





TABLE I. Contact History IN 64 CASES OF VIRAL MENINGITIS 
~ | TOTALNO.| FAMILY CONTACT | OTHERCONTACTS | ALL CONTACTS 
AGE (YEARS) | OF casES | NO. % | NO. % | No. | % 
ae a ae a ee ee ee a 
20 8 ) 62.5 1 12.5 6 75 
Al 6+ 9 °&30 5 175 #2 375 
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Fig. 2 Week of onset of symptoms (1958). 

















SOLOMON ET AL. : 


FEATURES OF TYPE 9 ECHO VIRUS MENINGITIS 


613 


TABLE II. SYMPTOMS AND SIGNS IN 64 PATIENTS WITH VIRAL MENINGITIS 
AGE (YEARS) 
0-4 5-9 10-19 ALL CASES 
(14 (30 (12 OVER 20 | (64 
PATIENTS ) PATIENTS ) PATIENTS) | (8 PATIENTS)| PATIENTS) 
SIGNS OR SYMPTOMS NO. % NO. % NO. % no. | % | NO. | & 
Headache 8° 57 30 100 12 100 8 100 58* 91 
Fever 14 100 30 100 11 92 8 100 63 98 
Nausea and vomiting 10 71 25 83 1] 92 3 37.5 49 77 
Rash 9 64 8 27 1 8 0 0 18 28 
Abdominal pain 4 29 9 30 4 33 0 0 17 27 
Abdominal tenderness or 
guarding 2 14 2 7 2 17 0 0 6 9 
Nuchal rigidity 
Slight 2 | 14 47 3 25 l 12.5 20 31 
Moderate 4 29 7 23 3 25 4 50 18 28 
Marked 0 0 3 10 4 33 0 0 7 11 
Absent 8 57 6 20 2 17 3 37.5 19 30 
Kernig’s sign 0 0 3 10 2 17 1 12.5 6 9 
Brudzinski’s sign 2 14 1 33 0 0 0 0 3 5 
Coryza (by history) 2 14 3 10 ] 8 1 12.5 7 1] 
Cough (by history) 3 21 7 23 0 0 0 0 10 16 
Sore throat (by history) 0 0 4 13 2 17 0 0 6 9 
Pharyngitis 
Exudative 3 21 1 3 l 8 1 12.5 6 9 
Nonexudative 4 29 10 3: 4 33 ] 12.5 19 30 
Pain on eye motion 0 0 0 0 1 8 6 75 7 11 
Photophobia 0 0 0 0 l 8 4 50 5 8 
Diarrhea 2 14 3 10 l 8 0 0 6 9 
Chills 1 7 3 10 0 0 l 12.5 5 8 
Hepatomegaly 0 0 3 10 2 17 0 0 5 8 
Generalized muscle aches 0 0 4 13 1 8 1 12.5 6 9 
Cervical lymphadenopathy l 7 1 3 0 0 0 0 2 3 
Backache 0 0 1 3 0 0 3 37.5 4 6 


*The 6 patients in whom headache was not noted were unable to give a history; 5 were 
under 1 year of age; the sixth was age 2 and mentally retarded 


of the temperature elevation ranged 
from 12 hours to 7 days; a secondary 
rise was observed in 12 instances (19 
per cent). 

Nausea or vomiting or both were 
noted in 46 (80 per cent) of the 56 
individuals under age 20 and in only 
3 (37.5 per cent) of the 8 adults. Ab- 
dominal pain was present only in chil- 
dren; seventeen of 56 patients (30 per 
cent) less than 20 years old had this 
symptom. 

A skin eruption was noted in 18 pa- 
tients (28 per cent), only one of whom 
was older than 10 vears. The incidence 
of rash in the group less than 10 years 
of age was 39 per cent. It was pres- 
ent in 9 of 14 patients younger than 


5 years (64 per cent). The exanthem 


occurred at varying times in the course 
of the illness. In 16 instances it was 
fully developed at the time of admis- 
sion to the hospital. It usually in- 
volved the face but was also observed 
on the thorax, neck, and abdomen and 
was predominantly macular or maculo- 
papular in character. In 3 patients 
petechiae were also observed. In 3 
other cases the eruption was entirely 
The duration of 
the skin lesions was 2 days. No enan- 


petechial. maximal 
them was noted. 
Symptoms of upper respiratory in- 
fection were not prominent. Cough, 
coryza, and sore throat were present 
in 16, 7, and 9 per cent, respectively, 
of the patients. It is noteworthy that 
only one adult complained of coryza. 
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In to the low incidence of 
complaint of pharyngeal discomfort, a 
total of 25 patients (39 per cent) had 
pharyngitis when examined; exudate 
Of the 25 in- 


involve- 


contrast 


was present in 6 eases. 
dividuals with demonstrable 
ment of the pharynx, 18 (72 per cent) 
were under 10 years of age. Earache 
was present in one instance and otitis 
media was found by physical examina- 
tion in 2 others. 

Nuchal rigidity was demonstrable 
in 70 per cent of the group. Of con- 
fact that it 
was only slight or entirely absent in 
61 Marked stiffness of the 
neck was present in only 11 per cent 


siderable interest is the 


per cent. 
of the eases. The possible importance 
of this finding in differentiating non- 
bacterial from bacterial meningitis 
will be commented upon later. Kernig’s 
sign was elicited in only 6 patients (9 
per cent) and Brudzinski’s sign in 3 
(5 per cent). 

Other clinical findings ineluded pain 
on motion of the eyes, photophobia, 
diarrhea, generalized muscle aching, 
chills, backache, hyperacusis, blurring 
of vision, tinnitus, hepatomegaly, and 


The fre- 


queney and age distribution of these 


cervieal lymphadenopathy. 
manifestations are presented in Table 
IT. 


severe anterior chest pain and dysp- 


A 14-vear-old boy complained of 


nea, suggesting epidemie pleurodynia. 
Electrocardiogram and x-ray study of 
the ECHO virus 
(type 9) was isolated from his spinal 


chest were normal; 
fluid and he exhibited a greater than 
fourfold rise in neutralizing antibody 
titer to this agent. 

Museular weakness was not demon- 
strated in any of the eases by com- 
plete musele examination carried out 
shortly before discharge from the hos- 


pital. 
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Four patients had evidence sugges- 
tive of more extensive involvement of 
the central nervous system than simple 
meningitis. One had hallucinations, 2 
were noted to ‘‘talk out of context,’’ 
and one (1 year old) had a generalized 
seizure which occured with a sudden 
fever and may have been a 
‘*febrile econvulsion.’’ The last 3 had 
proved ECHO virus (type 9) infee- 
tion. 


rise in 


Despite the often fulminating onset 
of illness, the course of the disease was 
invariably benign. No permanent re- 


sidua attributable to the viral menin- 


gitis were noted even after several 
months. 
Laboratory Findings.—The | total 


number of white cells in the spinal 
fluid admission ranged 
from 0 to 1,620 per ecubie millimeter 
(Table III). Contrary to other re- 


obtained on 


TABLE IIT. 
CEREBROSPINAL 


NUMBER OF CELLS IN 

FLUID 

NO. OF CELLS PER CUBIC 
MILLIMETER 





100- | 500- | 1,000- 
; 10 10-99 499 999 | 1,620 
No. of <= oie 
eases 4 17 22 16 5 
Per cent of 
total 
group 6 27 34 25 8 


counts did not 
exceed 200 per cubie millimeter in any 
of the individuals in this group. It is 
interesting to note that 2 of 4 patients 
with less than 10 cells per eubie milli- 
Each had only one 


ports,® * ® 2 19, 20 the 


meter were adults. 
lvmphoeyvte per cubie millimeter; type 
% ECHO virus was isolated from the 
cerebrospinal fluid of one. 
Lymphoeytes predominated in the 
spinal fluid in 50 eases (78 per cent) 
while neutrophils were more numerous 
in 12 instances (19 per cent). One 











SOLOMON ET AL. : 


patient showed equal numbers of both 
types of cells and one had no cells. 
The differential counts varied from 100 
per cent lymphocytes to 90 per cent 
neutrophils. It should be pointed out, 
however, that in 5 patients with more 
than 1,000 cells per cubic millimeter 
there was a predominance of lympho- 
cytes in every instance. 

Data concerning the quantity of pro- 
tein in the spinal fluid of the entire 
group of patients are presented in 
Table IV. Striking is the fact that a 




















TABLE IV. LEVELS OF SPINAL FLUID PROTEIN 
PROTEIN (MG. PER 100 ML.) 
~ < 45 | 45-100 | 100-200 
No. of cases 39 22 3 
Per cent of 
total group 61 34 5 





majority (61 per cent) had normal 
levels. Of the 3 individuals with more 
than 100 mg. per 100 ml. one was an 
adult (102 mg. per cent), another a 
4-month-old child (200 mg. per cent) 
whose spinal fluid was bloody because 
of a traumatic tap, and the third a 
14-year-old boy (140 mg. per cent) 
with 355 cells per cubic millimeter (85 
per cent lymphocytes). In contrast to 
the great majority of children in whom 
spinal fluid protein was normal, it was 
elevated in 7 of 8 adults. The ratio 
of spinal fluid sugar to simultaneously 
drawn blood sugar was less than 50 
per cent in only 8 patients (12.5 per 
it was 40 per cent or more. 


cent); in 7 
In one ease it was less than 34 per 
cent; an infusion of glucose and water 
had been started 10 minutes before the 
blood sugar was drawn. No organ- 
isms were seen on gram stain of spinal 
fluid sediment in any patient, and all 
cultures were sterile. 
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Most of the patients (56 per cent) 
had normal peripheral white blood cell 
counts (Table V). None had leuko- 
penia; this finding is at variance with 

















TABLE V. PERIPHERAL WHITE BLOOD CouNTS 
~ WHITE BLOOD CELLS PER CUBIC _ 
MILLIMETER 
| 5- | 10- 15- | 
5,000 | 10,000} 15,000) 20,000) 20,000 
No. of 
eases 0 36 24 2 2 
Per cent of 
total 
group 0 56 38 3 3 
other descriptions of this  syn- 


2 


drome.” ?* *° Contrary to the usual im- 
pression that the white blood count is 
normal or low in viral infections, it 
was higher than 10,000 per cubie milli- 
meter in 44 per cent of the cases. It 
has been stated that a predominance of 
lymphocytes is characteristic of viral 
infections. In 61 of the patients 
studied (95 per cent) neutrophils were 
most numerous; 80 per cent or more 
were demonstrated in 30 per cent of 
the group. Lymphocytes predominated 
in the peripheral blood in only 2 in- 
dividuals. 

The sedimentation rate was elevated 
in 37 of the 43 patients (86 per cent) 
in whom this determination was ear- 
ried out. In only 5 eases (12 per cent) 
was the rate higher than 50 mm. per 
hour by the Westergren method; the 
highest value was 86 mm. per hour. 

Varying degrees of proteinuria were 
observed in 10 patients at the time of 
admission to the hospital; this disap- 
peared rapidly. 
slight pyuria and 3 had microscopic 
hematuria when they arrived on the 
wards. These abnormalities were de- 
tected only during the early period of 
fever. 


Eleven patients had 
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Virologic and Serologic Studies.— 
ECHO virus, type 9, was proved to be 
the etiological agent in 45 of the cases 
(70 per cent) by isolation of the virus 
from the spinal fluid or by demonstra- 
tion of a fourfold or greater increase 
in neutralizing antibody titer or by 
both. 
ECHO virus was thought to be the 


In 5 other patients (8 per cent), 


causative organism despite failure to 
isolate it from the spinal fluid and ab- 
sence of a significant rise in antibody. 
These eases are described in detail be- 


low. 


A 5-year-old boy with a history of 
a biphasie illness, a maculopapular 
rash, moderate nuchal rigidity, and no 
cells in the spinal fluid yielded ECHO 
virus, type 9, in 2 separate stool speci- 
mens but not from the cerebrospinal 
fluid; paired sera were not obtained 
for study. 

A 10-year-old girl whose brother had 
proved active tvpe 9 ECHO meningitis 
at the time she was admitted to the 
hospital revealed the same agent in 
one stool specimen. The antibody titer 
of acute and convalescent serums was 
1:128; the first serum was not obtained 
until 2 weeks after the onset of the 
illness and the last 3 months later. 
Spinal fluid was not eultured for virus. 


In 3 other patients from whom virus 
was not isolated, the initial antibody 
(1:32 in one and 1:64 


in the others), and the rise was only 


titer was high 


twofold. Acute serum was drawn only 


% to 10 days after onset of symptoms 
all of 


in these individuals, however. 


TABLE VI, SUMMARY OF 


NO, OF CASES 


TESTED 
Cerebrospinal fluid 50 
Stool 35 
Neutralizing antibody 47 


stool specimen. 
increase in titer. 


*An unidentified virus isolated from one 
tPositive indicates fourfold or greater 


POSITIVE FOR TYPE 9 
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In 14 eases (22 per cent), no etio- 
logical agent could be demonstrated. 
It should be pointed out that speci- 
mens adequate for virologic or sero- 
logic study were not obtained in 12 of 
these. In 2 other patients, virus was 
not isolated and initial acute phase 
antibody titers of 1:4 and 1:8, respec- 
tively, did not rise during convales- 
cence. These results are summarized 
in Table VI. 

The data in Table VI indicate that 
the recovery rate of virus from the 
spinal fluid (50 per cent) was approxi- 
mately twice that from stool (26 per 
cent). The ease with which this virus 
ean be isolated from spinal fluid has 
been noted by several observers.* **-*° 

Of the 9 patients whose paired sera 
failed to show a fourfold inerease in 
neutralizing antibody titer to type 9 
ECHO virus, 2 have been ineluded in 
the ‘‘etiology not proved’’ group, and 
4 were considered as probably having 
ECHO virus infection. The other in- 
dividuals who failed to show antibody 
rise are worthy of further comment. 


An 8-year-old boy with 1,620 cells 
per cubie millimeter (the highest in the 
group) and type 9 ECHO virus in the 
spinal fluid had a neutralizing titer of 
1:64 four days after onset of symptoms 
and 1:32 two weeks later. 

A 7-vear-old youngster with 1,391 
white cells per cubic millimeter and 
type 9 ECHO virus in the spinal fluid 
had an antibody titer of 1:32 seven 
days after onset of symptoms and 1 :64 
four months later. 


RESULTS OF VIROLOGIC AND SEROLOGIC STUDIES 


7 ~ NEGATIVE FOR TYPE9 
ECHO VIRUS ECHO VIRUS 


NO. Q, NO.  G 

2 ~~ 50 25, a ie 
9 26 26* 74 
81 ot 19 


38t 





Negative denotes a fourfold rise, 


no increase, or a decrease in level of neutralizing antibody. 
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A 3-month-old baby with 46 white 
blood cells per cubie millimeter and 
type 9 ECHO virus in the spinal fluid 
had acute and convalescent antibody 
titers of 1:256; the first specimen was 
obtained one day after onset of illness 
and the second 4 weeks later. 

There were 7 cases of proved or 
probable type 9 ECHO virus menin- 
gitis in which a fourfold rise in anti- 
body titer could not be demonstrated 
but in which neutralizing levels of 1:32 
to 1:256 were present. In 5 of these 
the initial serum specimen was ob- 
tained 7 to 14 days after the beginning 
of illness; this is sufficient time for a 
significant increase in titer to develop. 
The antibody titer in the sixth ease 
was 1:256 one day after onset of symp- 
toms, but, since the patient was only 
3 months old, it is possible that the 
disease had been present for some time 
before it was suspected. In only one 
ease of proved type 9 ECHO virus 
meningitis is it difficult to explain the 
lack of rise in titer of neutralizing ea- 
pacity of the serum. 


DISCUSSION AND SUMMARY 


Many investigators have commented 
on the relatively benign, self-limited 
nature of type 9 ECHO virus menin- 
gitis; this study confirms this observa- 
tion. 

The differentiation of viral from bae- 
terial meningitis is of crucial impor- 
tance, especially when a rash, partic- 
ularly a petechial one, is present. De- 
scription of a case of bacterial infee- 
tion of the meninges observed during 
the ECHO virus outbreak is of per- 
tinence in this regard. <A 7-year-old 
boy was admitted at the height of the 
epidemic of ‘‘aseptic’’ meningitis with 
a history of fever, nausea, and vomit- 
ing of 3 days’ duration and headache 
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for one day. Physical examination 
showed a temperature of 100.6° F. ree- 
tally, no rash, marked nuchal rigidity 
with positive Kernig’s sign. There 
were 2,500 white blood cells per cubic 
millimeter (91 per cent neutrophils 
and 9 per cent lymphocytes) in the 
spinal fluid; the ratio of sugar to si- 
multaneously drawn blood sugar was 
37 per cent, and the protein content 
40 mg. per 100 ml. Peripheral white 
blood count was 7,250 with 80 per cent 
neutrophils. No organisms were seen 
on gram stain of the spinal fluid sedi- 
ment. The child did not appear very 
ill and was thought to have nonbae- 
terial meningitis; however, because of 
the large number of cells in the spinal 
fluid and the predominance of neu- 
trophils, the possibility of bacterial 
infection was considered. 
Lumbar puncture on the day after ad- 
mission revealed 3,500 white blood cells 
per eubie millimeter with 85 per cent 
neutrophils. The cerebrospinal fluid 
to blood sugar ratio was 19 per cent 
and the protein had increased to 135 
mg. per 100 ml. Despite the persist- 
ent absence of organisms on smear, 


seriously 


antimicrobial therapy was started be- 
cause of the marked decrease in cere- 
brospinal fluid sugar. Neisseria men- 
ingitidis subsequently cultured 
from both spinal fluid specimens. 


was 


The features of this case which, in 
retrospect, helped to differentiate it 
from those of nonbacterial meningitis 
were: (a) 
(present in only 11 per cent of the 
eases of ECHO virus), (b) spinal fluid 
cell count of 2,500 per cubic millimeter 


marked nuchal rigidity 


(the highest in the eases of viral in- 
fection was 1,620 per cubie millimeter) 
with 91 per cent neutrophils (all pa- 
tients with ECHO meningitis and more 
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than 1,000 cells per cubie millimeter 
had a predominance of lymphoeytes), 
and (¢) a cerebrospinal fluid to blood 
sugar ratio which fell to 19 per cent, 
a level much lower than that observed 
in any of the epidemic cases. Any one 
of these findings alone is compatible 
with the presence of viral meningitis, 
but the presence of two or more in the 
same patient should be highly sug- 
gestive of bacterial infection. 

While, in the demon- 
strable bacteria, the spinal fluid cell 
count and differential and the ratio of 
sugar to blood glucose are helpful in 
differentiating bacterial from nonbac- 
terial disease of the meninges, the pe- 
ripheral white blood count and differ- 
ential are often without diagnostic sig- 
As noted above, none of the 
patients with ECHO virus infection 
had leukopenia; 44 per cent had total 
counts above 10,000 per eubie milli- 


absence of 


nificance. 


meter, and 95 per cent had a predom- 
inance of leuko- 
cytes with 30 per cent showing 80 per 
cent or more of these cells. These find- 
ings emphasize the fact that normal 
or low total white blood counts with 
predominance of lymphocytes are not 


polymorphonuclear 


a universal feature of virus infections. 

In general, the elinieal and labora- 
tory findings in this group of ECHO 
virus meningitides were quite similar 
to those deseribed in other epidemics 
of this disease. The outstanding fea- 
tures were: (a) high incidence of the 
disease in males and in children under 
(b) 


family contacts in spread of the infee- 


10 vears of age; importance of 
tion; (¢) predominance of headache, 
fever, nausea, and vomiting; (d) sig- 
nificant incidence of a maculopapular 
rash, 


sometimes petechial espe- 


and 
cially in children less than 5 years old; 
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(e) frequeney of slight nuchal rigidity 
or its complete absence; (f) scarcity of 
upper respiratory in- 
volvement in contrast to the presence 
of pharyngeal inflammation; (g) in- 
frequeney of diarrhea; (h) 


symptoms of 


presence 


of abdominal pain in children and its 


absence in adults; (i) the absence of 
muscle weakness or other irreversible 
neurologie damage; (j) spinal fluid 
pleocytosis ranging from 0 to 1,620 
cells per cubic millimeter and a pre- 
dominance of lymphocytes; (k) normal 
spinal fluid protein in the majority of 
eases; and (1) high percentage of iso- 
lation of type 9 ECHO virus from 
the spinal fluid. 

The following findings are different 
from or not mentioned in other 
reports of this type of meningeal in- 
fection: (a) severe nuchal rigidity in 
only 11 per cent of the patients; (b) 
abnormally high spinal fluid protein in 
7 of 8 adult patients; (¢) the absence 
of leukopenia in the peripheral blood, 
the frequency of leukocytosis, and the 
predominance of neutrophils. 

Type 9 ECHO virus was definitely 
proved to be the etiological agent in 
70 per cent of the cases; an additional 
8 per cent were probably caused by 
this organism. Insufficient specimens 
were obtained for adequate viral and 
serologic study in 12 of the 14 remain- 
ing patients. In only 2 instances in 
which complete investigations 
possible was type 9 ECHO virus not 


are 


were 


implicated. This fact, the inability to 
demonstrate other viral agents, and 


the marked similarity of the clinical 
pictures to those in previously reported 
outbreaks appear to justify the con- 
elusion that type 9 ECHO virus was 
the etiological agent in the great ma- 
jority if not in every one of the cases 
described in this paper. 











An outbreak of ‘‘aseptie’’ 


SOLOMON ET AL. : 


CONCLUSIONS 


meningi- 


tis with a significant incidence of skin 
eruptions occurred in the Boston area 


in 


the summer of 1958. <A group of 


64 patients, 56 children and 8 adults, 


was studied. 


The elinieal and labora- 


tory findings were found to be very 
similar to those reported in previous 
outbreaks of documented type 9 ECHO 


virus 


meningitis. This agent was 


proved to be the etiological agent in 
70 per cent of the cases and of prob- 


able significance in an additional 8 per 


eent. 


1. 


2 


~ 
S 


10. 


. Rotem, C. E.: 
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RHABDOMYOSARCOMA OF STRIATED MUSCLE ORIGIN 
IN PREADOLESCENT CHILDREN 
JEANNE TURNER Bowman, M.D.* 
Houston, TEXAS 


tumors of striated 
The first large 


ALIGNANT 

muscle are rare. 
series of rhabdomyosarcoma was re- 
ported by Rakov' in 1937. Stout* col- 
leeted 121 1946. Pack and 
Eberhart® presented 100 cases in 1952. 
Davies,* Lechner and Moran,’ Sandi- 
son,” and Forbes’ have each reported 
1957, Arean and 
deseribed 3 


children. In 


eases in 


single eases. In 


Marcial-Rojas* eases of 
rhabdomyosarcoma in 
1958, Caffey and Anderson® reported 
and, in 1959, Moore and 
(rossi'® deseribed 37 eases of this neo- 
In all, about 323 
cases of rhabdomyosarcoma have been 
this 


5 eases, 
plasm in children. 
only 87 of 


found in children. 
common 


reported; however, 
number have been 
Of these 87 


sites of origin of the primary lesion 


ceases, the most 
were the head and neck region and 
the extremities. No attempt has been 
made to inelude any discussion of the 
rhabdomyoma of the heart, myo- 
blastoma, sarcoma botryoides of the 
vagina in female children, rhabdomy- 
omatous tumors of the male genitals, 
or rhabdomyoblastie tissue in em- 
bryonic renal and hepatie tumors, in 
teratomas, and in true hamartomas. 

It is the purpose of this paper to 


discuss rhabdomyosareomas derived 
from skeletal musele in children, and 


From Baylor University College of Medi- 
cine 
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to deseribe 6 additional cases of this 
tumor occurring in childhood. 
REVIEW OF LITERATURE 
Considerations of Pathogenesis.—As 
judged from the literature, there are 
no racial, sexual, or geographic factors 
of significance. These factors, how- 
ever, are difficult to 
vately because of the small number of 
Trauma of some de- 


evaluate aceu- 
cases reported. 
gree is reportedly present in approxi- 
mately 11.5 per cent of the cases.’ 
However, as no scientifie basis exists 
for a single trauma to a body part as 
a factor in the pathogenesis of the neo- 
plastie process, this figure of 11.5 per 
cent should be regarded as insignif- 
and probably explainable by 

The fact that a tumor mass 
is easily traumatized often suggests 
this as the cause of the tumor to the 


icant 
chance. 


patient.® 


Factors of possible causation and 
pathogenesis that have been mentioned 
are: (1) rests of embryonic cells with 
the potential for transformation into 
neoplastic myoblasts, and (2) malig- 
nant transformation in existing mesen- 
chymal tissues. 

Prognosis and Treatment.—Primary 
rhabdomyosarcoma of soft tissue origin 
has all the usual properties for local 
invasion and extension. This point is 
testified to by the high incidence of 
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local reeurrence following excision. 
The tumor has been shown to have a 
high rate of metastasis by way of the 
blood and lymph systems. The site of 
the metastases judged in the order of 
reported frequency are: lungs, re- 
gional lymph nodes, skin and subeu- 
taneous tissues, pleura, bone, liver, 
kidney, suprarenal glands, mediasti- 


num, pericardium, pancreas, ovary, 
and brain. 

The treatment of this tumor has 
consisted principally in simple ex- 
cision, amputation, and, to a lesser 
extent, radiotherapy. Often 2 or all 3 
methods have been combined. The 


rhabdomyosareomas as a group, when 
treated with radiotherapy alone, have 
been observed to be radioresistant. 
Hlowever, several writers have postu- 
lated that radiation therapy is the 
treatment of choice for the embryonal 
type, which is highly malignant and 
tends to recur rapidly and to metas- 
tasize widely. Therefore, it is be- 
lieved that most of the tumors of this 
type do not lend themselves to sur- 
gical excision. Whether or not maxi- 
mally tolerated doses of irradiation 
alone could prove beneficial is as yet 
undetermined. 

Simple excision of the tumor has, in 
the majority of cases, been followed 
by local return, metastases, or both. 
In the eases of local return alone, 
either further excision or amputation 
or both have been performed with 
rather poor results from a curative or 
survival point of view. 

Primary amputation or amputation 
after has not bettered the 
prognosis as much as was originally 
hoped. The tumor has recurred either 
in the amputation stump or as meta- 
static lesions. 

As with all malignant neoplasms, it 
is thought that the earlier it is de- 


biopsy 
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tected and the more radically it is 
treated, the better the prognosis. A 
tumor should never be treated by any 
method without benefit of biopsy and 
complete pathologie identification of 
the tumor type. A small biopsy speci- 
men removed from the tumor will 
furnish the necessary information and 
indicate the proper therapy. In the 
ease of rhabdomyosarcoma without 
evidence of metastases, the treatment 
should certainly be radical with re- 
moval of a large block of surrounding 
uninvolved tissues. This, of course, 
may or may not mean amputation. 
Microscopic Differential Diagnosis.— 
Stout? states that the tumor cells com- 
posed of rhabdomyoblasts are variable 
in size and shape but usually exhibit 
one of 3 different 
rounded cell containing a 
nucleus, (2) a strap-shaped cell with 
2 or more nuclei arranged in tandem, 
and (3) a 
single rounded 
panded end and a tapering body ex- 
from this for a 
The cytoplasm is 


shapes: (1) a 


single 


acquet-shaped cell with a 
nucleus at one ex- 
tending outward 
variable distance. 
generally acidophilic, sometimes mark- 
If the 
tissue is properly fixed and stained, 
either longitudinal 
myofibrils, or some vague suggestion of 
their formation may be distinguishable 
tumors. It is 


edly so, and is often granular. 


eross-striations, 


in the majority of 
usually not easy to find this differentia- 
tion (even with ideal preparations), 
and one must be willing to make a 
painstaking search under high magnifi- 
cation. The search is rewarding if 
suecessful, however, for the diagnosis 
ean then be made with complete as- 
surance. The tumor cells are some- 
times vacuolated, and it has been gen- 
erally accepted that the material in the 
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vacuoles is glycogen, which was first 
demonstrated by Marehand in 1885, 
When there are many vacuoles in cells 
sometimes 
delicate 


are 


with 


of giant size, they 


peripherally arranged 
eytoplasmie strands separating them 
and radiating outward from near the 
nucleus to the capsule. Such eells 
have been called spider or spider web 
Stout 
has added 


wrote his classic 
further details, 


making it possible to classify certain 


cells. Sinee 


paper, he 
tumors in this category despite an 
inability to demonstrate cross-stria- 
tions. It has become increasingly ap- 
parent that a number of tumors not 
fitting his classic description are also 
undoubted examples of rhabdomyo- 
sarcoma, 

Enterline’® classify 
neoplasm into 4 
(1) pleomorphic, (2) alveolar, 
and (4) botryoid 
The pleomorphic type is the 
classical form deseribed by Stout in 
1946. 
adenocarcinoma, 


Hlorn and 


this categories or 
types: 
(3) embryonal, 


types. 


The alveolar type, resembling 
connective 
tissue trabeculae with “free” floating 

The “free” 
to the alveoli 
trabeeulae by a narrow foot. It is in 
these “free” cells that myofibrils and 
The trabee- 


ulae, on close examination, are really 


contains 
cells within the alveoli. 


cells may be attached 


cross-striations are seen. 


giant muscle fibers with nuclei in the 
lateral eytoplasmie extensions, rather 
than tenuously connected to the main 
mass of sareoplasm. The embryonal 
type, also deseribed by Stobbe and 
Dargeon,'* consists of the basic cell 
types as outlined by Stout. However, 
these cells are less differentiated and 
longitudinal and cross-striations may 


The 


hotrvoid type (not illustrated or dis- 


or may not be demonstrated. 


cussed here) consists of a multilayered 
band of cells below the mucus mem- 
brane, the so-called “cambrium layer 
of Nicholson.” The cells in this layer 
are indistinguishable from those of the 
embryonal type. Longitudinal and 
eross-striations in the long spindle 
cells are very difficult to see even with 
special staining. 

The tumors with which the rhab- 
domyosareoma are most easily con- 
fused are liposarcomas and _ fibrosar- 
comas. The liposareomas commonly 
form bizarre giant cells but the nuclei 
are very apt to be pyknotie and lipoid 
droplets are always to be found in 
some part of the growth. Fibrosar- 
coma cells are often elongated and con- 
nective tissue fibers are usually present 
between them. The differential diag- 
nosis of these neoplasms of soft tissue 
is always a challenge. 


CASE REPORTS 


Case 1.—(S. G. H.) F. P. R., a 19- 
month-old boy, was first seen on July 
17, 1957. The mother reported that, 
6 weeks before, she had noticed a de- 
formity of the right hip. Since that 
time, the swelling had become notice- 
ably larger. Weight loss and pallor 
of the skin were noted although the 
child appeared bright and alert. The 
child was referred for definitive diag- 
nosis and treatment. Physical exam- 
ination 2 days later revealed a tumor 
mass measuring approximately 10 em. 
in diameter in the right gluteal region. 
There was no limitation of movement 
of the right hip joint and no pain 
was experienced with movement or 
palpation of the tumor. 

Roentgenographie studies revealed a 
tumor of soft tissues approximately 10 
by 6 em. in the right lateral aspect of 
the pelvis (Figs. 1 and 2) overlying 
the right iliac bone, extending to the 
right spinal margin and downward to 
a point slightly below the greater 
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femoral trochanter. The outline was 
smooth and regular. There were no 
ealeifications or striations and the 
density of the mass (as judged from 





Fig. 1.—Posterior-anterior roentgenogram 
of the rhabdomyosarcoma in the right lateral 
aspect of the pelvis 





Fig. 2.—Roentgenogram, right lateral view, of 
the primary gluteal mass found in Case 1. 


the roentgenograms) was that of soft 
tissue. It was similar in all respects 
to the adjacent striated muscle strue- 
ture. The bones and the hip joint were 
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not involved. The mother confirmed 
the swallowing of rocks which were 
identified as radiopaque masses in the 
colon. An aspiration biopsy of the 
gluteal mass was unsuccessful. Roent- 
genographic examination of the chest 
showed multiple round, dense shadows 
in both lung fields and in the hilar 
areas (Figs. 3 and 4). 

The child was admitted to the hos- 
pital for an open biopsy which re- 
vealed tumor tissue of a grayish-red 
color lying beneath the gluteus 
maximus muscle. 

No treatment of any kind was given. 
Palliative radiotherapy to the primary 
hip tumor and the metastatic lung 
lesions was refused by the parents. 
The child died at home of his disease 
314 months after the primary mass was 
first noted. No autopsy was per- 
formed. 


Pathologic Diagnosis.—The diagnosis 
was rhabdomyosarcoma, embryonal 
type, Grade IV (Fig. 5). The several 
small fragments of tissue removed for 
microscopic examination showed masses 
of highly undifferentiated malignant 
cells grouped around thin-walled blood 
vessels. There were numerous mitotic 
figures. The individual cell showed 
some tendency to be elongated with 
suggested oval forms and to be ar- 
ranged in parallel and sweeping forma- 
tions. <A _ similarity to rhabdomyo- 
blasts was noted but no cross-striations 
were identified. Although tumor cells 
intermingled with strands of striated 
muscle showing varying degrees of de- 
generation demonstrated a few myo- 
fibrils, a transition from one to the 
other could not unequivocally — be 
identified. 

Summary.—This highly malignant 
neoplasm in a 19-month-old child 
eaused the death of the patient 2 


months following clinical diagnosis. 
The tumor was elassified as an em- 


bryonal type of rhabdomyosarcoma, 
primary in the gluteus maximus with 
metastatic lesions in the lungs. 


Case 2.—(T. C. H.) K. D. H., a six- 
year-old white girl, was first seen by 
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Roentgenographic demonstration of the metastatic lesions in the lungs in Case 1. 
Lateral roentgenogram showing multiple round, dense shadows in lung field. 
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Fig. 5.—Microscopic appearance of the tumor in Case 1. 
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a physician in 1952 because of a lesion 
on the mucosal surface of the left ala 
of the nose. This was removed by 
eurrettage but apparently not exain- 
ined microscopically. Four months 
later, a neoplasm was encountered in 
the left maxillary sinus. On miero- 
scopic examination at the time of ad- 
mission to the hospital this tumor was 
interpreted as being a highly malig- 
nant sarcoma. The patient was treated 
with radiotherapy at that time with 
clinical regression of the tumor. 
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after a final admission to the hospital, 
there was a sudden increase in the 
dyspnea and cyanosis, which was fol- 
lowed by coma and death. 


The final clinical diagnosis was 
lymphosarcoma of the nasopharynx 


with metastases to the lungs. 


Postmortem Examination.—The sig- 
nificant findings were as follows: there 
was a large, firm, lobulated, and fairly 
well-demareated mass measuring 15 by 
10 by 10 em. within the right lung and 





Fig. 6.—Case 2. 


with formation of small cysts are visible. 


Six months after the appearance of 
the initial lesion, nodules appeared in 
the back and there were roentgeno- 
graphic evidences of metastases to both 
lungs. Twenty-one months later roent- 
genographie evidence of metastases to 
the distal end of the femur was noted. 
Radiotherapy again produced slight 
response. One month before death, 
respiration became difficult and sub- 
jective complaints of defects in visual 
perception were recorded. The only 
therapy given at this time was ir- 
radiation to the right femur. Shortly 


- Gross specimen showing the cut surface of the right 
discrete metastatic nodule of the tumor protruding from the cut surface. 


lung. Note large 
Areas of necrosis 


occupying the major portion of the 
lower and middle lobes. On the cut 
surface, the substance of the mass ex- 
tended above the level of the surround- 
ing lung (Fig. 6). There was exten- 
sive hemorrhage and necrosis and a 
few small cystic spaces were identified 
within the tissue. There was evidence 
of extension of the neoplasm into the 
right main stem bronchus which then 
extended proximally toward the carina 
(Fig. 7). In addition, there was in- 
vasion of the right main pulmonary 
vein and extension into the left atrium. 
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Fig. 7 Case 2. Gross appearance of the neoplastic growth in the right main stem bronchus. 


" oars 





Fig. § Photomicrograph illustrating the metastatic lesions found in the lungs in Case 2. Note 
the cross-striations within the elongated neoplastic cells. 
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A similar nodule but of smaller size, 
measuring 8 em. in maximum diam- 
eter, was present in the left lower lobe. 
The tumor had invaded the left pul- 
monary vein and also had extended in- 
to the left atrium as a discrete mass. 
The mesenteric and mediastinal nodes 
were enlarged. As far as could be as- 
certained from the gross appearance, 
it appeared that the nodes contained 
tumor. 


Microscopic Description of the 
Tumor.—There was a marked pleo- 
morphism of the tumor cells with 
numerous large, multinucleated forms 
varying from round to elongated 
spindle forms. In many of the cells, 
cross-striations were identified, estab- 
lishing the diagnosis as rhabdomyo- 
sarcoma (Fig. 8). 


Final Anatomical Diagnosis.—(1) 
Rhabdomyosareoma, Grade III; (a) 
(?) primary in the maxillary sinus, 
(b) metastatic rhabdomyosarcoma in 
the lungs, femur, and mediastinal and 
bronchial lymph nodes, and (¢) tumor 
thrombus in the pulmonary veins; (2) 
bronchopneumonia, bilateral; (3) foeal 
atelectasis. 


Summary.—A_ 6-year-old girl died 
of a rhabdomyosarcoma believed to be 
primary in the nasal cavity with wide- 
spread metastases 3 years following 
the first clinical manifestations of the 
disease. 


Case 3.—(M. D. A. H.) C. A. W., a 
20-month-old girl, was first seen by ¢ 
physician on July 7, 1955. The 
mother stated that, while bathing the 
baby that morning, she had noticed a 
lump underneath the right arm. This 
lump was soft, white, and approxi- 
mately the size of the mother’s thumb. 
There seemed to be no pain associated 
with pressure or with movement of the 
right arm. The patient was admitted 
to a local hospital where the lesion was 
excised under ether anesthesia. The 
pathologie diagnosis of the biopsy 
material, which was confirmed by a 
second pathologist, was “rhabdomyo- 
sarcoma.” 


RHABDOMYOSARCOMA 


627 


Nine days later the patient was ad- 
mitted to the hospital for further 
eare. Physical examination was es- 
sentially negative except for one 
shotty, freely movable lymph node in 
the right supraclavicular area and one 
5 mm. node in the right anterior 
cervical chain. <A _ diserete, freely 
movable lymph node was found in the 
left supraclavicular area and several 
such nodes were present in the left 
lateral and posterior and cervical 
chains. 

Roentgenographie survey of the 
chest, skull, and extremities was nega- 
tive, showing no evidence of metas- 
tases. Urograms, complete blood 
studies, and urinalysis were not re- 
garded as significant and were gen- 
erally within normal range. 

A right forequarter amputation was 
performed with dissection of the right 
axillary and right supraclavicular 
lymph nodes. The postoperative 
course was uneventful and the patient 
was discharged from the hospital 10 
days later. 

The patient has been followed at 6 
month intervals in the clinic. At the 
present time, 2144 years following 
operation, no clinically manifest  re- 
eurrences have been noted, 


Summary of Pathologic Findings. 
The tumor removed in the original 
biopsy measured 1.5 by 1.5 by 2 em. 
On eut section the surface showed an 
admixture of dark brown, red, and 
white streaked connective tissue—like 
material. No apparent capsule was 
noted. 

Sections prepared for microscopic 
study revealed tumor cells which for 
the most part were small, round, or 
oval and often looked like lympho- 
eytes and seemed to show very little 
eytoplasm. In other areas the cells, 
while still showing the same nucleus, 
contained more eytoplasm. Some of 
these cells were elongated and showed 
intracellular myofibrils with definite 
eross-striations. In still other areas 
the tumor cells were slightly larger 
and contained a more voluminous 
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amount of eosinophilic granular cyto- 
plasm. These cells were round to oval 
shaped and the nuclei acentrically 
placed. Mitotie figures were numer- 
ous throughout the sections taken. 

The pathologie diagnosis was rhab- 
domyosareoma, Grade ILI, primary in 
the soft tissue of the right arm (Figs. 
9 and 10). 

The operative specimen consisted of 
the right arm, the right scapula and 
the lateral third of the right clavicle. 
On the medial aspect of the skin of 
the upper arm, extending into the 
axilla, a longitudinal sear measuring 
4.7 em. in length was noted. Under- 
neath the distal end of the sear among 
unidentified muscles, 2 rather firm 
and almost nodular grayish-white 
lesions measuring 3 and 5 mm. in 
diameter were prepared for micro- 
scopic study. Another suspicious, 
rather firm, grayish-white lesion found 
at the distal end of the sear was sub- 
mitted for microscopic examination 
together with fragments of the sur- 
rounding vessels and muscles. Twenty- 
five axillary lymph nodes and 6 supra- 
clavicular lymph nodes were recovered 
and sectioned. 

In none of the many sections taken 
at the primary site of previous ex- 
cision or from the lymph nodes re- 
covered was there any tumor demon- 
strated. 


Final Pathologic Diagnosis.—(1) 
Rhabdomyosarcoma, Grade III (see- 
tion from the original excisional 


biopsy); (2) no tumor demonstrated 
in the tissues removed from the fore- 
quarter amputation. 

Summary.—This malignant 
plasm of a 20-month-old child, elassi- 
fied as a rhabdomyosarcoma, has 
shown no clinical or roentgenologic 
evidence of return 214 years following 
radical operation. 


neo- 


Cass 4—(T. C. H.) J. M. P.. a 
three-year-old girl, was first seen by a 
physician in October, 1958, with the 
chief complaints of difficulty § in 
breathing, some difficulty in swallow- 
ing, and gagging on solid food. The 


THE JOURNAL OF PEDIATRICS 


diagnosis of croup was made at that 
time. However, several days later, be- 
cause of increasing respiratory diffi- 
culty, an emergency tracheotomy was 
performed. The laryngeal obstruction 
was found to be due to a_ tumor. 
Microscopic examination of a biopsy 
specimen at that time revealed rhab- 
domyosareoma of the larynx. Physical 
examination revealed a tumor mass 
either attached to the epiglottis or 
displacing it. 

Roentgenographic studies of the 
neck demonstrated a mass in the pos- 
terior pharynx approximately 3 em. 
in diameter. Direct laryngoscopy was 
performed to locate and to determine 
the extent of the mass and the type of 
operation necessary for definitive 
treatment. The epiglottis was found 
tou be entirely free and pushed for- 
ward by the mass whieh filled the en- 
tire hypopharynx. The tumor ap- 
peared to originate from the region of 
the posterior commissure on the post- 
ericoidal area. The tumor extended 
to the false cord and epiglottie fold on 
the left. The tumor surface was 
slightly uleerated on the left and bled 
easily. The right piriform sinus ap- 
peared normal. No biopsy was taken 
at this time. 

Preoperative roentgenographie bone 
survey and chest films revealed no 
evidence of metastatic lesions. All 
clinical laboratory studies were with- 
in normal limits. 

Block laryngectomy was performed 
ineluding the hyoid bone, muscles, and 
larynx. The postoperative course was 
complicated by a wound infection and 
fistula formation which was treated 
with drainage and antibiotics. 

The patient has been followed at 
monthly intervals. At the present 
time, 6 months following operation, no 
clinically or roentgenologically mani- 
fest recurrences have been noted. 


Pathologic Diagnosis —Rhabdomyo- 
sarcoma, Grade IIT. Microscopie see- 
tions of the specimen revealed a large, 
fairly well-localized and apparently 
encapsulated tumor mass _ partially 
covered by a thin layer of normal 
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Fig. 10 


Fig. 9.—Photomicrograph demonstrating the rhabdomyosarcoma found in Case 3. 
Fig. 10.—Case 3. Photomicrograph illustrating cross-striations with polarized light. 
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stratified squamous epithelium. Over 
a large area, this epithelium has been 
eroded, and a fibrinopurulent exudate 
containing numerous bacterial colonies 
was found. 
The tumor cells were poorly ar- 
ranged in an _ ill-defined lobulated, 
loose, vascular stroma. Pleomorphism 
was marked. Most of the nuclei were 
large and oceasionally indented with 
a poorly defined eytoplasm. Ocea- 
sional cells were encountered with 
elongated streamers of cytoplasm and 
in a rare one of these cells, striations 
were definitely identified. Multinu- 
cleated and giant cell forms were 
abundant. Mitoses were prominent. 
The capsule formed of compressed 
connective tissue was intact, although 
it was found to be only a few microns 
in thickness in several areas. No 
definite evidence of extension of the 
tumor through this capsule was found. 
Microscopie sections of the ericoid 
cartilage, epiglottis, muscles attached 
to the hyoid bone, and a single lymph 
node showed no evidence of tumor. 


Summary.—This malignant neo- 
plasm in a 3-year-old child, identified 
as a rhabdomyosarcoma of the larynx, 
has shown no clinical or roentgenologie 
evidence of return 6 months following 


radical operation. 


Case 5.—(T. C. H.) D. W. J., a 31%4- 
vear-old white boy, was first seen with 
the chief complaints of a drooping 
left evelid with slight injection of the 
“white of the eve” and some “wateri- 
ness” of approximately 2 to 3 weeks’ 
duration. A diagnosis of allergie con- 
junctivitis was made. The patient was 
treated with antihistamines for 2 days 
with no improvement. Re-evaluation 
of the patient revealed a firm, palpable 
mass above the left orbit and ptosis 
with some fullness of the left eyelid. 
The extraocular movements, pupil size, 
and reactions to light and aeccommo- 
dation were within normal limits. The 
remainder of the neurologic examina- 
tion revealed no signs of intracranial 
lesion. The impression at that time 


was an orbital tumor. 
Roentgenographiec films of the skull 
demonstrated no bony abnormalities 
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around either the orbit or the optic 
foramen. Bone survey and chest films 
were negative for metastatic disease. 
Clinical laboratory tests were all with- 
in normal limits except for an elevated 
white blood count with an increase in 
lymphocytes. 

At operation, an encapsulated mass 
in the upper temporal quadrant of the 
left orbit was found. <A _ complete 
exenteration by block method was 
earried out. The orbital defect was 
closed with a split thickness skin graft 
obtained from the abdominal wall. 

The postoperative course was un- 


eventful and the patient was dis- 
charged from the hospital 10 days 
later. 

Pathologic Findings.—Microscopic 


examination of a frozen section at the 
time of operation revealed only a 
malignant tumor of unknown type. 
Further study of multiple permanent 
sections demonstrated rhabdomyosar- 
coma, Grade III. The tumor was 
localized but poorly cireumseribed and 
only partially eneapsulated. It ex- 
tended into the lacrimal gland and 
was bordered on one edge by a thin 
strip of striated muscle. The cellular 
structure was highly pleomorphie with 
individual cells present irregularly in 
poorly defined clusters. There was 
marked variation in size and shape 
with numerous large multinucleated 
and multilobed forms. Few pyknotie 
cells and occasional mitoses were noted. 
The cytoplasm was generally indis- 
tinet but abundant and finely granu- 
lar. Oceasional forms with long 
streamers of cytoplasm contained in- 
distinct striations. The tumor ex- 
tended to, but not into, the striated 
musele. There was direct extension 
into the lacrimal glands. Examina- 
tion of the soft tissue contents of the 
orbit was negative for tumor cells. 


Summary.—A malignant neoplasm 
found in a 3%-year-old child and 
classified as a rhabdomyosarcoma of 
the lacrimal gland has shown no elin- 
ical or roentgenologie evidence of re- 
eurrence 5 months following radical 
operation. 
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Case 6.—(T. C. H.) R. R. H., a 4 
year-old white boy, was first seen by a 
physician 8 weeks prior to the first 
hospitalization for an ulcerated area 
on the anterior surface of the uvula. 
This lesion responded poorly to ther- 
apy but eventually cleared. Four 
weeks later, an enlargement and 
papillomatous lesion of the uvula de- 
veloped. On the first admission to the 
hospital, the chief complaints were: 
(1) vomiting of one week’s duration 
which on occasions was described as 
projectile in character; (2) inability 
to see out of the right eye, and (3) 
stumbling for the past 2 to 3 weeks. 
The patient had also complained of 
generalized headaches for the past 3 
to 4 months. 

Eye examination under anesthesia 
revealed marked papilledema, 5 to 6 
diopters, with considerable edema of 
the retina, although no hemorrhage or 
exudate was present. The deep ten- 
don reflexes were hypoactive and the 
child had a broad-based gait. There 
was no sensory defect present. 

Ventriculograms demonstrated a 
large lesion in the posterior portion 
of the left parietal lobe with displace- 
ment of the ventricular system to the 
right. 

Surgical excision of the papillary 
lesion of the uvula was performed. 
The pathologic diagnosis of this ex- 
cisional biopsy was rhabdomyosar- 
coma. The patient also underwent a 
craniotomy. A huge neoplastic lesion 
which had almost entirely destroyed 
the left hemisphere was found and 
excised. The pathologie interpreta- 
tion stated that this lesion was a 
highly anaplastic malignant lesion 
most likely of teratomatous origin. 

The patient’s postoperative course 
was uneventful and he was discharged 
from the hospital 3 weeks after opera- 
tion. 

Although completely blind, the child 
did well for 6 weeks and was able to 
walk in spite of a partial right hemi- 
paresis. At that time, he had menin- 
gitis which was effectively treated with 
antibiotics. Following the meningitis, 
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he began to have seizures. These were 
controlled with phenobarbital and 
Dilantin. Just prior to readmission to 
the hospital, he began to take food 
poorly, began vomiting, and became 
dehydrated. The skull was enlarged 
and bulging along the old incision sear 
and burr holes in the left temporal 
area. The right arm was almost para- 
lyzed. 

A second burr hole craniotomy re- 
vealed a massive recurrence of the 
firm vascular tumor which had been 
removed 2 months earlier. The tumor 
had grown to almost its original bulk. 
The patient showed slight improve- 
ment immediately postoperatively but 
began to go downhill rapidly, became 
semicomatose, and continued to have 
seizures until his death 3 months after 
the onset of symptoms. 


Summary of Pathologic Findings.— 
The papillomatous lesion of the uvula 
was an ovoid mass measuring 3.0 by 
1.2 by 0.5 em. It was made up of 
many translucent lobules’ varying 
from 0.4 to 0.8 em. in diameter. 

Microscopically, the lesion was de- 
seribed as follows: arising from the 
submucosa there was a cellular pleo- 
morphie tissue which had grown in a 
polypoid pattern extending outward 
with an almost complete covering of 
stratified squamous epithelium. The 
cellularity of the lesion was varied, 
demonstrating both dense and loose 
arrangement of cells, which showed 
marked pleomorphism. In some of 
the larger cells with streamers of eyto- 
plasm, indistinet striations were iden- 
tified. The overlying epithelium was 
intact in all areas; however, the tumor 
extended laterally beneath the epithe- 
lium of the soft palate. 

Microscopie sections from the brain 
lesion and from the lymph nodes of 
the neck, in general, demonstrated the 
same marked pleomorphism. Mitoses 
were abundant. Occasional cells with 
long, streaming cytoplasm and huge, 
bizarre multilobed and multinucleated 
cells were seen. There were many 
elements which resembled rhabdomyo- 
sarcoma, although striations were 
identified only in the hematoxylin and 
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THE 


eosin preparations. A Phosphotun- 
gistic acid hemotoxylin stain did not 
demonstrate any cross-striations. 


Final Pathologic Diagnosis.—Diag- 
nosis was rhabdomyosarcoma, em- 
bryonal type, Grade IV, with metas- 
tases to the lymph nodes of the neck 
and to the brain. 


Summary.—A 4-year-old boy died 
of a rhabdomyosarcoma believed to be 
primary in the uvula with metastases 
to the brain and cervical lymph nodes 
3 months following the first elinical 
manifestations of the disease. 


DISCUSSION 


These 6 eases are all examples of 


rhabdomyosarcoma of soft tissue ori- 


gin occurring in preadolescent  in- 
dividuals. Variation in the tumor 
differentiation believed to be im- 
portant to some extent in affecting 


prognosis was noted. In Cases 1 and 
6, the tumor was highly anaplastic, 
and, although some differentiation oe- 
of the 
bizarre and showed little resemblance 
In Cases 2, 3, 4, 
the tumor reeapitulated the develop- 
skeletal 


Even the least 


eurred, much growth was 


to myoeytes. and 5, 


much more 


differen- 


ment of muscle 
realistically. 
tiated cells were not as embrvonal as 
in Cases 1 and 6. The growth of the 
tumor in the lung in Case 2 demon- 
strated these levels of differentiation 
especially well. 

Treatment as given in these 6 cases 
in relation to the generally accepted 
the 
author’s opinion, adequate in all cases. 


The fact that no treatment was given 


therapy for this disease was, in 


in Case | did not mean that the pa- 


tient did not receive eareful evalua- 
tion. Of the 3 types of treatment 
now available, the one which eould 


have been used was radiotherapy for 
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palliative purposes only. It was ques- 


tionable that any regression would 
have been obtained in view of the 


rapid growth of the primary neoplasm 
und the extensive lung metastases. In 
Case 2, where irradiation was used ex- 
clusively because of the surgical in- 
the 
was obtained. 


lesion, 


How- 


accessibility of primary 
some remission 
ever, as has been reported, when the 
tumor returned in the primary site 
and as metastases, it was highly radio- 
resistant and regression was minimal. 
In Cases 3, 4, and 5, the treatment con- 
sisted of radical operation with fore- 
quarter resection, block laryngectomy, 
and exenteration of the orbit, respee- 
tively. In addition to the amputation 
of the right arm and seapula with the 
the 
supraclavicular lymph nodes were also 
Pathologie study of the 
tissues showed no tumor at the pri- 


axillary lymph nodes, in Case 3, 
removed. 


mary site or in the regional lymph 
nodes. The prognosis at the time of 
operation was infinitely better than in 
Now, 2% years 
clinical 


and 6. 
there 


Cases 1, 


postoperatively, is no 
return the 


in the amputation 


evidence of of disease 
the lungs or 
stump. Although it is still too early 
to certain of the final 
of this patient, it is fair to assume 
that reeurrence of the 
not likely. In Cases 4 and 5, neither 


local nor distant metastases could be 


in 


be outcome 


disease is 


demonstrated by either pathologie 
study of the tissues or roentgen-ray 
surveys. As in Case 3, it is still much 
too early to predict the outcome of 
these 2 patients, since only 5 and 6 
months, respectively, have elapsed 
since operation. Their prognosis, how- 
ever, is better at the time of operation 


than that in Cases 1 and 6. 
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Although radical operation was used 
in Case 6, it was only palliative in its 
effect on the final disposition of the 
patient. The tumor had already 
metastasized to the brain, probably by 
before the patient 
The 
prognosis of this patient at the time 


direct extension, 


was ever seen by a physician. 


of operation was extremely poor. 

It has been possible to apply histo- 
logie grading to rhabdomyosarcoma, 
but because most of the tumors were 
classified as Grade III or Grade IV, 
the significance of grading in the 
selection of therapy has been of little 
import. A possible application of the 
usefulness of grading was found in 
the 6 eases reported here. In Case 1, 
in which the pathologie diagnosis was 
rhabdomyosarcoma, embryonal type, 
Grade IV, numerous metastatie lesions 
were present in the lungs at the time 
although it had _ been 
weeks 


of diagnosis 
enly approximately 6 before 
that there was an abnormal growth 
noted on the patient’s right hip. The 
highly malignant neoplasm of Case 6, 
also diagnosed as embryonal type, 
Grade_ IV, 


metastases at the 


demonstrated extensive 


cerebral time of 


diagnosis even though clinical symp- 


toms had been present for only 8 
weeks. In Cases 2, 3, 4, and 5, the 


neoplasm was classified as Grade IIT. 
This tumor, showing more differentia- 
tion of its cells, invades and spreads 
less rapidly, which may offer some ex- 
planation for the more favorable re- 
sponse to the roentgen therapy given 
in Case 2, and which was believed to 
have slightly increased the survival 
time. The tumors in Cases 3, 4, and 5 
did not produce local, 
distant metastases as could be judged 
from the examination of the tissue re- 


regional, or 
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moved and the postoperative period of 
freedom from recurrence. It may be 
assumed, therefore, in Case 3, that the 
radical excision of this tumor with ab- 
demonstrable metastatic 
lesions, the 
long survival period, strongly indicate 


sence of 

and presently observed 
a possible cure of the disease. In 
Cases 4 and 5, although treated by 
radical excision of the primary tumor 
with no demonstrable metastases 
found at operation, the postoperative 
periods have not been of sufficient 
length, as vet, to warrant a prognosis 


as to possible cure. 


SUMMARY 


Six eases of rhabdomyosarcoma of 
striated muscle origin (soft tissue 
origin) in preadolescent children are 
reported and the literature reviewed. 
Three of the patients died in 2 months, 
5 months, and 3 years, respectively, 
following clinically manifest disease. 
One patient, treated by forequarter 
amputation, is living, well, and elin- 
ically free of disease 214 years follow- 
ing the first clinical manifestation. 
Two other patients, treated by radical 
operation, are also living, well, and 
free of disease 5 and 6 months post- 
operatively. 

Rhabdomyosareoma of striated mus- 
ele origin continues to be a rare and 
‘atastrophie disease of childhood. 
Early detection with immediate ap- 
plication of therapy is considered to 
be the only hope of preventing metas- 
tases and obtaining a cure. Biopsy 
is thought to be the most important 
single aid to early recognition. As 
with most types of cancer, close co- 
operation the 
pediatrician, and the pathologist con- 
cerned with the diagnosis and treat- 
ment of the disease is necessary. 


among surgeon, the 
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The accepted therapy is radical op- 
eration with removal of a large block 
of surrounding uninvolved tissues and 
amputation of the total part where 
possible and elinieally deemed neces- 
sary. Roentgen therapy may be tried 
as a palliative measure in surgically 
the 
tases from previously excised primary 


inaecessible tumors, or in metas- 


neoplasms. 
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CONGENITAL NEUROCUTANEOUS SYNDROMES OF CHILDHOOD 


Ill. SrurGE-WEBER DISEASE 


Dora Hsi-Cuin CuHao,* M.D. 
Houston, TEXAS 


HE elassical clinical picture of 
Sturge-Weber disease is character- 
(1) vaseular nevi (port-wine 

the 


and 


ized by: 


stain) on convulsions 


often 


face, (2) 
focal contralateral, (3) 
hemiparesis and oceasionally homony- 
mous hemianopia contralateral to the 
intra- 
eranial calcification, and (5) varying 
degrees of mental retardation and be- 


facial lesion, (4) _ ipsilateral 


havior disturbance. 

The neurologie findings are due to 
cortex 
secondary to the vascular anomaly in 


degeneration of the cerebral 
the meninges on the same side as the 
facial lesion. At times the vascular 
abnormality may involve the ocular 
choroid and lead to glaucoma. Involve- 
ment of the viscera may occur but is 
usually asymptomatice. 

Eight patients with this disease have 
been seen at our clinic. One patient 
presented a ‘‘hybrid’’ picture of this 
eases exhibited cer- 
Histopatho- 


disease. Several 
tain interesting features. 
logie studies of the surgical specimen 
of brain removed from one of our pa- 
tients were made by Dr. E. C. Alvord, 
Jr., and his findings are included. 


From The Blue Bird Circle 
Clinic, Methodist Hospital, and the 
ments of Pediatrics and Neurology, 
University College of Medicine. 

*Address, Blue Bird Circle Children’s Clinic, 
Texas Medical Center, Houston 25, Texas. 
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HISTORICAL 

The coexistence of facial nevus and 
buphthalmos was first noticed by 
Shirmer' in 1860. Sturge,? in 1879, 
reported a similar case with focal sei- 
zures on the side opposite to the facial 
He predicted that there must 
be a vascular anomaly on the same 


nevus. 


side of the brain as the one on the 
face. Kalischer, in 1897,° and 1901,4 
demonstrated an extensive angioma in- 
volving the cranial bones and the soft 
meninges in a 1%%-vear-old child but 
he did not observe calcification either 
in the gross or microscopic examina- 
tion of the brain. We now know that 
valeification is generally not present 
in infaney. 

In 1906, Cushing® operated on 2 
patients with facial vascular nevi with 
and hemiparesis. He 
vascularization of the 


convulsions 
found marked 
skull and dura mater on the side of 
the facial nevus. The vascular lesions 
followed the distribution of the tri- 
geminal the the 
sealp, and even in the dura mater. 
Hebold,® in 1913, noted for the first 
time the deposition of calcium in the 
upon 
Volland’ in the same year 
-alcifica- 


nerve on face, on 


brain examination at 
autopsy. 
demonstrated 


tion microscopically. Weber,* in 1922, 


gross 
intracerebral 


reported a case with bilateral facial 
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nevus more extensive on the left side. 
Roentgenograms of the skull revealed 
greater opacity of the left half of the 
cranium. Re-examination of the skull 
7 years later (1929) demonstrated the 
wavy, double contoured calcification 
characteristic of this condition. Such 
calcification was first deseribed by 
Dimitri,’ in 1923; he thought it rep- 
resented calcified blood By 
careful postmortem examination of a 


vessels. 


patient in whom intracranial ealcifica- 


tion was demonstrated before death, 
Krabbe'* ** found that the calcium 
was in the cerebral cortex and that 


the wavy appearance of the ealcifica- 
tion corresponded to the contour of 
the cerebral gyri and sulci. 
ETIOLOGY 

The available genealogic investiga- 
tions of Sturge-Weber disease suggest 
an irregular dominant inheritanee.' 
It has been said that the occurrence 
of the disease in twins of unaffected 
parents is suggestive of recessive in- 
heritanee but the 
cited by shows that 


re-examination of 
Refsum!' 
these were not truly eases of Sturge- 


ceases 


Weber disease."* 

The complete syndrome has rarely 
been reported in more than one mem- 
ber of the same family. Abnormal 
skin manifestations are, however, not 
uncommon among family members of 
Sturge-Weber patients. 


PATHOLOGY 


basic Sturge- 


The 
Weber disease is a vascular malforma- 


pathology of 


tion, angiomatosis, affecting primarily 
the nervous tissue and other body tis- 
sues wherever mesenchymal derivatives 
Thus, involvement of the lungs, 
tract, and the 


occur. 
the 
ovary have been reported." 


gastrointestinal 
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On the face, the characteristic nevus 
may be unilateral or bilateral. The 
correlation between the distribution of 
the vascular lesion and the sensory 
divisions of the trigeminal nerve was 
first noted by Cushing.’ Nevoid lesions 
may be present on the scalp, skin of 
the neck, trunk, and extremities. These 
lesions usually follow the radicular dis- 
tribution of cerebrospinal nerves, al- 
though the conformation may not be 
exact. Overlap of several dermatomes 
is not uncommon.*® 

Of clinical importance are the patho- 
logie changes in the brain which give 
rise to neurologic symptoms. Some re- 
cent investigators'® '* believe that the 
changes in the brain are secondary to 
the vascular malformation in the lep- 
They did not find true 
re- 


tomeninges. 
angioma in the brain proper. <A 
cent report by Roizin and co-workers'* 
indicated that changes 
were found in the gray and the white 
matter of the brain. 


angiomatous 


Grossly cireumscribed foci of me- 
ningeal thickening, rich in dilated 
veins, are found most commonly in the 
occipital pole, but they may be found 
over the other lobes of the brain. In- 
creased vascularitiy is also found in 
the cortical and subcortical 
The affected part of the cerebral cor- 
There 


are loss of neurons and fibers, exten- 


regions. 
tex is atrophie and sclerotic. 


sive gliosis, pericapillary fibrosis, 


and deposition of ecaleium and iron 
compounds in the capillary walls and 
in the cortical parenchyma. The cor- 
tical ealeifieation follows cerebral con- 
volutions and is characteristically dem- 
onstrated in roentgenograms of the 
skull as double curvilinear densities. 
These deposits as well as the atrophic 


changes may not be demonstrated in 
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the very young but increase as the pa- 
tient grows older. These changes are 
not limited to any particular layer of 
the cerebral cortex but occur most 
prominently in the middle of the cor- 
tex. 

Unrelated to the angiomatous mal- 
formation, Wohlwill and Yakovlev’® 
deseribed scattered anomalies of the 
eytoarchitecture both in the central 
and the peripheral nervous systems. 
These anomalies consist of failure of 
migration of neuroblasts to their nor- 
mal destination, for example, the pres- 
ence of neurons in the leptomeninges. 
The authors designated this process as 
‘feetopia.”’ In examining the Gasse- 
rian ganglia in 2 of their 4 patients, 
they found these to be larger than nor- 
mal because of proliferation of cap- 
sular cells. These changes are believed 
to represent malformation of the vari- 
ous derivatives of the neural crest. 

The vascular anomaly may also in- 
volve the conjunctiva, oral and nasal 
mueosa, and the choroid of the eye. 
Involvement of the choroid is an im- 
portant factor in producing buphthal- 
mos.'® 

In addition to the primary patho- 
logic changes described above, a num- 
ber of other congenital malformations 
have been found in Sturge-Weber pa- 


tients. Abnormalities of the eyes other 
than buphthalmos, such as_hetero- 
chromia iridis and coloboma, have 


been observed. In one of our patients 
(Case 7) coarctation of the aorta, a 
highly arched palate and abnormally 


developed ears were present. 
PATHOGENESIS 
The basie mechanism of the angiom- 
atous malformation is not well known. 
Certain speculations and theories may 
be briefly summarized. The correla- 
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tion between the distribution of the 
sensory branches of the trigeminal 
nerve and that of the facial nevus has 
been noted. To account for the an- 
giomatous growth in the skin of the 
face, scalp, and meninges, and the 
lack of involvement of the brain per se, 
Cushing and Bailey*® believed that the 
anomaly must arise in a very early 
stage during the development of cranio- 
cerebral vascularization in the embryo. 

Streeter*! divided the development 
of cerebral vascularization into 5 
stages: (1) at first, the primordial 
vascular plexus is established; (2) 
this slowly differentiates into arteries, 
veins, and capillaries; (3) as the dura 
and eranium develop, the vascular 
system breaks up into a superficial 
bed supplying the face, scalp, menin- 
ges, and the choroid and a deep bed 
supplying the brain; (4) adjustment 
of vascular channels to growth and 
differentiation of the ear and the 
brain oceurs next; (5) maturation of 
the is the final 


stage. 


arteries and veins 

It was suggested®® that during the 
third stage a maldevelopment of a 
vascular area in the superficial bed 
might lead to vaseular nevus of the 
skin of the face, the meninges, and 
the choroid. 

Wohlwill and Yakovlev’® postulated 
that maldevelopment such as hyper- 
plasia of capsule cells of the Gasserian 
ganglia were due to disturbed migra- 
tion of neuroblasts from the neural 
crest. 

The first branch of the trigeminal 
nerve and the occipital region of the 
brain are by far the most frequently 
affected. 
lected from the literature Kautzky** 


In a study of 36 eases col- 
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demonstrated a close association be- 


tween the distribution of the facial 
nevi with meningeal angiomatosis; 


thus, a nevus of ophthalmie distribu- 
tion is generally associated with an 
occipital lesion, one of maxillary dis- 


tribution with parietal lesions, and 
one involving all 3 divisions of the 
trigeminal nerve with lesions of the 
entire hemisphere. These data led 


Kautzky to conelude that the skin of 
the face and the meningeal coverings 
of the cerebral hemisphere represent 
relation to the 3 
the 
nerve which innervate the mesodermal 


metamerie units in 


sensory divisions of trigeminal 
derivatives of the corresponding bran- 
chial arches. The ophthalmie division 
innervates the 
meninges of the 
latter becoming displaced posteriorly 


branchial areh) 
the occipital 


(first 
lobe, 


during the development of the cere- 
bral hemisphere. Kautzky also ad- 
vanced the hypothesis that develop- 
mental defects in vasomotor innerva- 
tion to the malformed blood vessels in 
Sturge-Weber addi- 
tional factors causing their dilatation 


disease may be 


and hyperplasia. 
SYMPTOMATOLOGY 


The cutaneous lesions are present 
at birth. 
of the cerebral anomaly determine the 


The loealization and extent 


severity of the elinieal picture. Not 
all of the classical symptoms and 
signs are present in every case. The 


cerebral symptoms usually make their 
first appearance in infaney. The ini- 
tial symptom is either a convulsion or 
Other 


turbanees, such as slow development 


hemiparesis. functional dis- 
and behavior problems, may appear 
later. 

Age of Onset of Neurologic Symp- 


instances 


neurologic 


toms.—In most 
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OF 
symptoms begin in infaney. This has 
been true in 8 of our eases, Case 9 
Foeal or general- 
ized the 
mon, and motor weakness is the next 
most common These 
servations are summarized in Table I. 


being an exception. 


convulsions are most com- 


symptom. ob- 


Nevi.—The skin lesions or port-wine 
stains are present at birth in all cases 
(Table I). They are sharply demar- 
cated and usually are not elevated. 
The color varies from pink to purplish 
red and fades on pressure. 

The extent of the skin nevi is not 
always indicative of, or proportional 
to, the severity of the neurologie symp- 
toms. In Case 3 of our series the fa- 
cial nevus is minimal, vet the seizures 
are most protracted, and mentality and 
behavior are severely affected. Neither 
is the facial nevus always a reliable in- 
dieator of the site of the cerebral le- 
sion. Thus, the patient in Case 1 in 
our series has a small facial nevus on 
the right side, has right-sided seizures, 
and shows hemiparesis and hemiatro- 
phy in the right arm. This patient 
might have bilateral cerebral vascular 

with the predominant le- 
the left side. The demon- 
stration of high voltage focal spike 
and wave activity in the Jeft occipital 
and the right temporal regions in 2 
substantiates 


anomalies 


sion on 


electroencephalograms 
the assumption of bilateral lesions. 

are the 
most striking symptoms (Table IT). 
Lund,** in 1943, reviewed 144 reported 
eases and found that 81 patients (56 
per cent) had convulsions and 43 pa- 
tients (30 per cent) had paresis. All 
but one of our patients had seizures. 
far the 


Convulsions.—Convulsions 


Focal motor seizures are by 
Generalized econ- 
are frequent. 
motor seizures are occasionally seen, 


most common type. 


vulsions less Psycho- 
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TABLE I, CLInicaL DaTA OF PATIENTS WITH STURGE-WEBER DISEASE 
| = | AGE | <] ¥ AGE AT | 
| WHEN |ONSET OF 
| FIRST | INITIAL INITIAL | 
CASE| PATIENT | SEEN | SYMPTOM |SYMPTOM| CUTANEOUS FINDINGS NEUROLOGIC FINDINGS 
1 M.H. 2% yr. Weakness, right 7 mo. Facial nevus, right Hemiparesis and atrophy, 
arm 2nd right arm 
2 K.M. 3440 yr. Seizure, left 4 mo. Facial nevus, right Ist Hemiparesis and atrophy, 
and 2nd left side; nystagmus, 
right eve 
3 W.B. 7 mo. Seizure, right 5 mo. Facial nevus, left Ist Hemiparesis and atrophy, 
right; hemianopia, 
right 
4 R.D. 5 yr. Seizure, right 4 mo. Facial nevus, left and Hemiparesis and atrophy, 
right; left upper right; glaucoma, left 
chest and left arm eye (at 7 yr.) 
nevi 
5 6. ?. 7 yr. Seizure, general- 5 mo. Facial nevus, right; Knee jerks 3 plus 
ized scattered left; right 
upper chest; right 
leg and foot 
6 T.8 349 yr. Seizure, left 2 mo. Facial, left and right Buphthalmus, left; colo- 
boma, left; microceph- 
aly 
7 B.R. lyr. Seizure, right 2 mo. Facial left; head and Hemiparesis and atrophy, 
neck, left; left but- left; hemianopia, left 
tocks; leg and foot 
8 Y.P. 13 mo. Seizure, tonic 3 mo. Facial, left 1st branch Slight hemiparesis, right 
9 R.A. 6% yr. Gastrointestinal 3 yr. Facial, both sides Hemiparesis, right; buph 
bleeding seattered. Also thalmus, bilateral 





Massive spasms or myoclonic and aki- 
netic seizures have not been reported 
in Sturge-Weber disease. This is in 
sharp contrast with tuberous sclerosis 
in which the latter seizure patterns are 
the most common. 

Motor Deficit—Hemiparesis 
hemiatrophy occur less frequently than 
seizures. As a rule the involvement is 
contralateral to the facial lesion. The 
paretic limb (or limbs) often shows 


and 


less than normal growth. Some cases 
are surprisingly free of motor deficit 
or indeed of any neurologic abnor- 
mality. 


Disturbance of Mentality, Behavior, 
and Speech.—The degree of these 
functional disturbances varies widely 
from patient to patient. In our series 


trunk and legs 


(Table IIL) 7 children were of school 
9 


2 were in regular classes in 
publie school (Cases 1 and 9). One 
patient (Case 4; LQ. 60 to 70) was 
in a special class. The mentality of 
the others was too deficient for them 
to benefit from schooling. Three of 
these patients were quite unaware of 


age; only 


their surroundings; 2 never developed 
speech; 1 could say only one word, 
“Mama.” 

The degree and extent of cerebral 
calcification time, but 
there is no consistent correlation be- 
tween the extent or degree of calcifica- 


inereases with 


tion and neurologic abnormality. 
Ocular Manifestations—Two of our 

9 patients had buphthalmos at birth. 

One was unilateral (Case 6), involving 
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TaBLe II. Serzures aND EEG Data IN PATIENTS WITH STURGE-WEBER DISEASE 


AGE AT 
CASE) ONSET 


x“ 


mo. 


2 4 mo, 


3 7 mo, 

4 4 mo. 

5 5 mo. 

6 2 mo. 

7 2 mo. 

8 >} mo, 

9 6%. yr. 
the left eye. 


the 


developed glaucoma at 


10 vears of 


for the patient in Case 9, who was born 
with bilateral buphthalmos, all the pa- 


tients had 


ment. 





same ey 


THE 


INITIAL SEIZURE AND 


COURSE 
Right-sided seizures at 
first visit when 244 yrs. 
of age; gradual reduc- 


tion of seizures. Last 
seen at 64% yrs. 
Left-sided seizure at 4 


mo. of age, continued ; 
later generalized shak 
ing and limpness until 
hemispherectomy in 
1954 


Right-sided seizures until 
surgical resection in 
April, 1957 


then 
gen- 


seen 


seizure, 
then 
Last 


Right-sided 
left sided, 
eralized. 
June, 1958 


Generalized seizures until 
last seen in 1953 


Left seizure, then gener- 
alized seizures until 
last seen in July, 1955 


Right-sided seizures, then 
generalized or both un- 
til last seen in April, 
1958 


Tonie seizure, then right- 


sided and generalized 
seizures 
No seizures; right he 


miparesis at 6%4o yr. 


He also had coloboma in 


e (Fig. 1). 


age, respectively. 


left-sided ocular 
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Two patients 
3 months and 
Exeept 


involve- 


OF PEDIATRICS 


ELECTROENCEPHALOGRAMS 











544 yr.—Hyperventilated con- 


tinuous spike, slow wave in 
left occipital area 
6% yr.—Same 


9 mo.—Depressed activity 
right side 

3%. yr. — Hyperventilated 
sharp and slow wave right 


7 mo.—Depressed activity, 
left side 

4 yr.—Same, plus sharp and 
slow wave focus in left oc- 
cipital-temporal region 

540 yr.—Same as above plus 
generalized slowing 

582  yr.— Postoperative-de- 
pressed activity left, but no 
focal epileptiform activity 


5342 yr.—Diffuse slow de- 
pressed activity left occipi- 
tal region 

94. yr.—Marked depression 
on left, especially occipital 


7%. yr.—Poorly organized 
depression in right occipital 
area 

3%. yr.—Marked depression, 
right parietal and occipital 


areas. No normal alpha 
waves 
1 yr.—Marked depression, 


left slow wave focus in left 
occipitotemporal region 
4240 yr.—Same, plus sharp 
fused activity on right 

13 mo.—Slightly depressed 
left slow wave focus in left 
temporal region 


6749 yr.—Depression left, slow 
wave focus left fronto- 
temporal 


FAMILY HISTORY 

Mother’s left pupil 
greater than right; 
iris colors are dif- 
ferent 





Maternal aunt and un- 
ele had hemangio- 
mas on arm at birth 


Negative 


Mother has a harelip 


Negative 


Negative 


Patient’s identical 
twin is normal 


Negative 


Negative 


Involvement of the optie radiation 
and visual cortex by the cerebral nevus 
may give rise to hemianoptie defects.** 
This was observed in 2 of our patients. 
The actual incidence may be higher 
since some of our patients were too de- 
fective mentally to permit an accurate 


examination of the visual fields. 
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Other Coincidental Features.—The 
presence of hemangioma of the kid- 


neys and other viscera in Sturge- 


Weber syndrome has been reported." 
One of our patients (Case 4) had he- 
maturia at 4 years of age, but no ab- 
normality was demonstrated by intra- 
One patient (Case 


venous pyelogram. 
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the patient in Case 1 had unequal pu- 
pils and heterochromia iridis. 


LABORATORY DATA 
Electroencephalography.—The char- 
acteristic electroeneephalographie find- 
ing in Sturge-Weber disease is a uni- 
lateral depression of cortical activity, 





Fig. 1.—Bilateral facial nevi; buphthalmos and coloboma of left eye. 


9) suffered from severe bouts of hema- 
temesis and melena, but a gastrointes- 
tinal series showed no abnormal find- 
ing. One (Case 7) had coarctation of 
the aorta. 

Family History—tThere is no inci- 
dence of similar among the 
family members. A maternal aunt and 
unele of the patient in Case 2 had he- 
mangiomas of the arm. The mother of 
the same patient had hemangioma of 
the occipital region. The mother of 


disease 


with or without spike discharges in the 
affected area.2> In eases with bilateral 
facial nevi and possibly bilateral cere- 
bral lesions, the more severely affected 
side shows the more marked depression 
of activity. In early infaney the elee- 
troencephalogram may not be 
mal. This was so in Cases 4 
(Table III). The depression 
tivity generally develops first 
followed later by the appearance of 
focal slow or spike activity. 


abnor- 
and 8 
of ac- 
and is 





PRESENT IN RELATION TO TRI-| INTRACRANIAL 
CASE AGI MENTALITY SPEECH BEHAVIOR |GEMINAL BRANCHES| CALCIFICATION 
l 11% yr. Normal Normal Normal Right, 2nd branch 0 
2 40 yr Unaware of None Quiet, rocks Right, Ist and 2nd + 
surroundings 
3 7yr Unaware of Few words Hyperactive Left, Ist . 
surroundings 
t 12 yr Retardation Fair Hyperactive Left, all branches + 
(mild) Right, lst and 2nd 
5 13 yr. Deficiency Fair Hyperactive Right, Ist and 2nd 0 
Left, cheek-spots 
6 730 yr Unaware of None Very Left, all branches + 
surroundings hyperactive Right, all branches + 
7 i yr Deficiency 2 to 3 sen- Hyperactive Left, all branches + 
tences 
XS 15 mo. Retardation Just begun Normal Left, ist + 
> Tm. Normal Normal Normal Both left and 0 
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TABLE IIT. 


Skull.—The 
calcification 
Evi- 
hemiatrophy with 


Roentgenograms of the 
characteristic ‘*tram-line’’ 
is pathognomonic of this disease. 
dence of cerebral 
smallness of the skull ipsilateral to the 
How- 


ever, these radiographic findings may 


nevus may be present as well. 


not be demonstrable in infaney. About 
one half of our patients presented typ- 
ical roentgenographie findings of intra- 
first 
the voungest 


ealeifieation when seen 
4, 6, and 8); 


patient, in whom the ealeification was 


cerebral 


(Cases 


quite characteristic in appearance, al- 
amount, 13 
Two patients 


though minimal in was 
months of age (Case 8). 
developed calcification under observa- 
tion as they grew older (Cases 3 and 
7). One patient (Case 4) showed the 
typical calcification at 5 years of age, 


10 


shows a roentgenogram of a pa- 


with inereased deposits at 
) 


Fig. 2 


years. 


tient with bilateral ealeification (Case 


6). 


Pneumoence phalography.— Pneumo- 


encephalography was earried out in 3 
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CEREBRAL FUNCTION AND SITE OF CEREBRAL NEVUS 


SITE OF FACIAL NEVI 


right scattered 


of our patients. Cerebral hemiatrophy 
with unilateral ventricular dilatation 
and widening of the subarachnoid sulei 
on the affected side was present in 
all 3. 

Arteriography.—Although abnormal 
‘*staining’’ of the diseased area due 
to delayed emptying of the angioma- 
tous lesions has been reported, ** no 
abnormal findings were demonstrated 
This is in agree- 
ment with the experience of King and 


in 3 of our patients. 


Schwarz.** 
DIAGNOSIS 
When classical symptoms and signs 
are present, the diagnosis of Sturge- 
Weber disease no diffi- 
eulty. With atypical or ineomplete 
forms, however, the recognition may 


should offer 


not always be easy. 

Of the 144 cases reviewed by Lund,** 
7 patients had typical radiographic 
findings but did not have a facial ne- 
vus. Two of these patients were Lund’s 
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own cases and the diagnosis was proved 
at operation. 
patients’’ also had no facial lesion but 
had 
findings of the skull. 


One of Lichtenstein’s 


characteristic roentgenographie 


In a few eases the facial nevus does 
not exactly coincide with the sensory 


distribution of the trigeminal nerve.***° 
Case 9 of this series falls into this 


group. 
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sealp. Orzechowski and Novicki*™ re- 
ported postmortem findings of a pa- 
tient in whom tuberous sclerosis and 
neurofibromatosis coexisted. In this 
connection one of our patients is of 
The father has the 
nodular 

The de- 
veloped the classical triad of tuberous 
while 


great interest. 


peripheral type of neuro- 


fibromatosis. patient has 


sclerosis under observation. 





Fig. 2. 


INTERRELATIONSHIP 
TANEOUS SYNDROMES 


AMONG NEUROCU- 
There are a number of reports in the 
literature attesting to a close relation- 
the 3 
Sturge-Weber syndrome, 


ship between neurocutaneous 
syndromes : 
tuberous sclerosis, and neurofibromato- 
sis. Greig*® reported on a patient with 


had 
Operation disclosed 


typical tuberous sclerosis who 


right hemiplegia. 
an angioma of the Rolandie area. Good 
and Garb* reported a case of tuberous 
neurofibromatosis of 


sclerosis with 


Roentgenogram of skull showing characteristic calcification. 


The patient’s 214-year-old brother has 
half a dozen café au lait spots over 
the trunk and a small cavernous he- 


mangioma on the shoulder. 


TRANSITIONAL OR HYBRID FORMS 


Bizarre associations of certain fea- 
tures of the neurocutaneous syndromes 
may produce ‘‘hybrid’’ or ‘‘transi- 
tional’’ forms. These are of unusual 
interest from both the clinical and the 
pathologie viewpoints. In this respect 


the following case merits presentation. 
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CASE REPORTS 


A Latin-American boy, 64% years of 
age, was born with vascular nevi on 
both sides of the face and trunk. The 
eyes were very prominent and the 
selerae bluish. Bouts of melena oc- 
curred at 3 years and again at 4 years 
of age. About 2 weeks prior to admis- 
sion to the Texas Children’s Hospital, 
he had recurrence of hematemesis and 
melena accompanied by marked weak- 
ness of the right side of the body. 
Physical and mental development were 
considered within normal limits. His 
father had telangiectatic lesions on 
the back; the family history was other- 
wise noncontributory. Examination 
showed bilateral and extensive port- 
wine nevi over the face, scalp, ears, 
and sclerae. The facial lesion was more 
extensive on the left side. The distri- 
bution on either side did not coincide 
with the sensory distribution of the 
trigeminal nerve. Both eyes were 
proptotic and showed glaucomatous 
changes on funduscopie examination. 
The left side of the cranium was de- 
pressed. The right limbs were weak 
and flaccid. The tendon reflexes were 
hyperactive on the right and moder- 
ately active on the left. There was 
sustained ankle clonus on the right and 
unsustained elonus on the left. The 
plantar responses were extensor bilat- 
erally. The roentgenogram of the 
skull showed no intracranial calcifica- 
tion. Carotid arteriography showed 
bilateral arteriovenous angiomas with 
suggestive evidence of a hematoma in 
the left occipital region. 

Comments.—This case presents sev- 
eral unusual features: (1) The distri- 
bution of the facial nevus did not fol- 
low that of the sensory branches of the 
trigeminal nerve. (2) The angiomatous 
malformation in Sturge-Weber disease 
is usually telangiectatic but may be 
In this 
patient there was arteriographie evi- 


arteriovenous or venous.** 


dence of cerebral arteriovenous angi- 


oma. (3) The extensiveness of the 
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cutaneous lesions, the repeated episodes 
of gastrointestinal hemorrhage, and the 
fact that the father had telangiectatic 
lesions on the back suggest that the 
vascular anomaly may be widespread. 
One of the eases reported by King and 
Schwarz*’ is similar to this one. Licht- 
enstein pointed out that there are a 
variety of hemangiomatous states and 
not all of them lead to calcification of 
the cerebral cortex. Osler’s disease 
(hereditary hemorrhagic telangiecta- 
sia) may involve skin, meninges, and 


brain in addition to viscera." Al- 
though we consider this case as a 


“variant” of Sturge-Weber disease, the 
possibility of its being a transitional 
hybrid form between Sturge-Weber 
and Osler’s disease remains an attrac- 
tive speculation. 

deserves mention at 


Another ease 


this point. 


A 19-month-old Negro child had been 
seen for left-sided focal seizures since 
17 months of age. Past history was 
negative except for a “birthmark” on 
the face. Examination showed a pig- 
mented area (café au lait) over the 
distribution of the first two branches 
of the right trigeminal nerve. The 
electroencephalogram at 17 months of 
age showed continuous seizure dis- 
charges arising from the right occipi- 
totemporal region. A repeat EEG at 
20 months showed diminished voltage 
in the same region with sharp and slow 
wave activity. Further investigations 
could not be carried out because of lack 
of cooperation. 

This case does not fit into any ree- 
ognized category, but it emphasizes the 
association of skin changes in the tri- 
geminal distribution with ipsilateral 
occipital epileptogenic lesions and 
again raises the question of a develop- 
mental anomaly affecting both regions. 
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Recently Boder and Sedgwick** * 
reported 8 cases of a syndrome char- 
acterized by cerebellar 
ataxia with onset in infancy, striking 
telangiectasia of the bulbar conjuntivae 
and other facial areas, susceptibility to 
pulmonary infections, and a tendency 
to familial occurrence. They proposed 
the term “ataxia-telangiectasia” and 
suggested that it be considered as the 
fifth form of phakomatosis. None of 
our cases appeared to be of this type. 


progressive 


TREATMENT 

Medical therapy in Sturge-Weber 
disease is seldom very satisfactory. 
Anticonvulsant medication may allevi- 
ate the milder cases but often fails 
when the seizures are very numerous 
and severe. Furthermore, the neuro- 
logie deficits tend to progress with age 
so that the effectiveness of 
treatment may decrease with progres- 
sion of the disease. Radiation therapy 
including roentgen ray and radium 
has proved to be of no value.** 


medical 


A number of surgical procedures 
have been developed since Cushing’s 
first attempt in 1906.5 Even though he 
merely separated the adhesions between 
the meninges and the cortex in his 
second case, this procedure wes re- 
ported to have resulted in cessation of 
seizures. Excision of the diseased por- 
tion of the brain has been earried out 
38 Re- 


cently, hemispherectomy has been ad- 


by a number of surgeons.*” 


voeated for selected cases with unilat- 
The reported results are 


39, 40 


eral lesions. 
encouraging. This radical surgical 
approach should be reserved for those 
patients in whom anticonvulsant ther- 
apy has failed and in whom the deficit 
following operation would not be worse 
than the preoperative status. In Case 
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2 a hemispherectomy*' was done. Fol- 
lowing operation, the seizures which 
had been incapacitating stopped. In 
Case 3 a block resection of the cerebral 
lesion was performed (by Dr. James 
Greenwood, Jr.). This also was fol- 
lowed by complete cessation of seizures. 
The patient’s behavior was improved, 
and his mentality and speech showed 
slight but definite improvement. Phys- 
ically, a very remarkable growth spurt 
occurred postoperatively. 

The surgical specimen was examined 
by Dr. E. C. Alvord, Jr. The follow- 
ing is his report: 


“Gross: The resected brain con- 
sisted of the occipital, parietal and 
posterior temporal lobes from the left 
hemisphere. There is diffuse subarach- 
noid hemorrhage over the lateral as- 
pect. The calearine fissure is identified 
and is seen not to extend to the oe- 
cipital pole. The parietooccipital 
fissure is identified externally also. An 
x-ray of this specimen reveals linear 
calcifications in the occipital pole ex- 
tending approximately 3 em. anteriorly 
from the pole. On eut surface the 
stria of Gennari is very poorly repre- 
sented. No gritty sensation it felt on 
cutting, but there are pale yellow 
granular zones within the middle re- 
gions of the gray matter. 

“A second piece of brain is much 
smaller than the first and appears to 
be anterior temporal lobe. On cut 
section ventricle and hippocampus are 
identified and appear normal. 

“Microscopic: H & E, trichrome, 
Nissl, myelin, iron, and Von Kossa 
preparations of the occipital, temporal, 
and parietal lobes reveal increased 
vascularity of the leptomeninges and 
calcification of the brain. These are 
most marked in the occipital lobe, as 
noted by x-ray, but small foci are pres- 
ent in the other regions (specifically 
in the superior and inferior parietal 
lobules at the level of the tail of the 
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caudate nucleus, in the superior tem- 
poral gyrus and in the caudal temporo- 
insular junction). The meningeal ves- 
sels are thin-walled, closely packed 
venules, and are not calcified. They do 
not generally extend into the cortex; 
but in two places there is marked 
gliosis and irregular scalloping of the 
adjacent cortex, and here there is 
slight penetration of vessels but only 
into the molecular layer. 

“The cerebral calcification is present 
in the middle regions of the cortex 
(layers 3 and 2) but in places diffuses 
into the deeper regions and also into 
the white matter. The deposits are 
usually round, rarely elongated or ir- 
regularly lobulated, the larger ones 
erystalline, the smaller ones sur- 
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this is particularly evident in the tem- 
poral lobe, where the other lesions are 
least marked [Fig. 3]. 

“Impression: These changes are 
characteristic of Sturge-Weber’s dis- 
ease with leptomeningeal telangiectasia 
and intra-cortical calcification. It is 
doubted that the calcification is of 
blood vessels; it is more likely that the 
calcium is deposited in areas of pseudo- 
laminar cortical necrosis secondary to 
ischemia caused by the leptomeningeal 
vascular anomaly, but why the ecalcifi- 
eation occurs in this disease and not 
in other eases with pseudo-laminar 
necrosis is not apparent. The degen- 
eration of U-fibers is difficult to ex- 
plain, since it also occurs in the tem- 





Fig. 3.—Low-power photograph of 


von Kossa’s techniques. 


rounded by a thin non-ealcified capsule. 
The calcifications occur on all surfaces 
of the occipital lobe, especially on adja- 
cent sides of sulei near the crests of 
gyri. There is extensive degeneration 
and distortion of the oecipital lobe: 
the ecalearine fissure is very shallow, 
and there is a mierogyria of the supra- 
ealearine gyri where the degeneration 
is most marked. In myelin stains there 
is a relative loss of U-fibers with less 
degeneration of deeper white matter; 


section of 


Nissl’s and 


cortex stained by 
Note leptomeningeal telangiectasia, loss of neurones, and calcification 
most prominent in middle layers of cortex. 


left occipital 


poral lobe where the cortex is practi- 
cally intact.” 

Photographs of this patient and the 
gross appearance of the lesions at 
operation were previously published.* 


OF EARLY SURGICAL 
IN SELECTED CASES 


IMPORTANCE 
INTERVENTION 


In view of the natural history of the 
disease it would appear that unilateral 














CHAO: 


lesions suitable for surgical removal 
should profit more from the procedure 
the earlier it is carried out. This ques- 
tion was considered when the patient 
in Case 8 was first seen. The infant 
had right-sided paresis and seizures 
but otherwise was in good condition. 
Intracerebral calcification was present 
and the electroencephalogram showed 
depressed activity on the left side. It 
was our opinion that surgical interven- 
tion at this time might prevent the 
development of mental, speech, and 
behavioral disorders in addition to 
providing immediate symptomatic re- 
lief of the seizures. The later the 
operation is carried out, the greater is 
apt to be the functional deficit which 
cannot be restored. 

Two of the 4 patients with glaucoma 
required operation for the relief of 
intraocular tension. One patient re- 
sponded to Diamox therapy, which in 
this ease served as an anticonvulsant 
as well as an antiglaucomatous agent. 


PROGNOSIS 


The prognosis is dependent upon 
the extent of the cerebral lesion, the 
‘apidity of its progression, and the 
response to medical or surgical treat- 
ment. The control of seizures is im- 
portant but is not the sole determinant 
of the prognosis. The total functional 
potentialities of the patient in terms 
of mental capacity, behavioral adapta- 
tion, and speech and visuomotor co- 
ordination are important factors which 
may become progressively impaired. 

DISCUSSION 

The Sturge-Weber syndrome, tuber- 
ous sclerosis, and neurofibromatosis 
exhibit remarkable parallelism in their 
clinieal and pathologic manifestations. 
All three are the result of congenital 
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ectodermal and mesodermal malde- 
velopment differing only in the period 
of embryonogenesis during which the 
development of the structural defect 
takes place.*° The predominance of one 
or another of the ectodermal structures 
affected and the degrees of participa- 
tion of mesodermal elements further 
differentiate the ultimate clinical pic- 
ture into one of the three entities of 
the neurocutaneous syndromes. 

The three conditions may overlap 
with a wide range of variability owing 
to the interplay of factors permitting 
many combinations of developmental 
It seems clear that tuberous 
neurofibromatosis are 


defects. 
sclerosis and 
more closely related to each other than 
to Sturge-Weber disease. In_ both 
tuberous sclerosis and neurofibroma- 
tosis, ectodermal anomalies, 
pigmentary and depigmentary changes, 
fibromatous growths, and retinal tu- 
mors predominate over mesodermal 
anomalies. Definite familial or heredi- 
tary tendencies may be present in both 
conditions. On the other hand, in 
Sturge-Weber disease, mesodermal hy- 
perplasia overshadows ectodermal mal- 
formations. Pathologically as well as 
clinically, it differs from the other two. 


such as 


SUMMARY 


1. Sturge-Weber disease is a con- 
genital vascular malformation of the 
skin and leptomeninges. 

2. The facial nevi usually follow the 
nerve distribution. Skin 
addition involve other 
following dermatomal 


trigeminal 
nevi may in 
areas roughly 
demareation. 

3. The lesions in the brain are most 
likely secondary to the angiomatous 
malformation of the overlaying lepto- 
meninges. Characteristic calcifications 
are formed in the cerebral cortex, as 
well as in the angioma. 





648 


THE JOURNAL 


4. Eight typical cases of Sturge- 
Weber disease are summarized. 

5. The earliest calcification appeared 
of the skull 
patient 13 months of age. 


in roentgenogram of a 


unusual ‘‘hybrid _ transi- 


tional’’ ease is also presented. 


6. One 


7. The suggestion is made that early 
surgical extirpation of unilateral 
lesion may prevent functional deteri- 
oration as well as bring symptomatic 
relief from seizures. 

I wish to express my indebtedness to Dr. 
R. J. 
Case 9, and to Dr. Ralph Druckman, Dr. Peter 


Alvord, Jr., and Dr. W. 
S. Fields for their critical review and advice 


Blattner for his permission to include 


Kellaway, Dr. E. C. 


n the preparation of these manuscripts. 
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ACUTE PANCREATITIS ASSOCIATED WITH CONGENITAL CYST OF 
COMMON BILE DUCT 


Lewis E. Gipson, M.D.,* anv J. ALEx Hauer, M.D.,** 
BALTIMORE, Mb. 


Ps ‘REATITIS in association with 
disease of the biliary tract is an 
established clinical syndrome, but 
acute panereatitis in childhood sub- 
sequently relieved by internal drain- 
age of an obstructing congenital cyst 
of the common bile duct is a rarely 


reported entity which may present 
difficult diagnostic and _ therapeutic 
problems. Such a case was seen re- 


cently in the Harriet Lane Home and 
is presented because if its unusual 
features. The has re- 
ceived such little previous attention 
that 
superfluous. 


combination’ 


further discussion does not seem 


CASE REPORT 


H. L. H. B-38096.—This 3-year-11- 
month-old Negro girl was admitted to 
the Harriet Lane Home on Sept. 3, 
1958, with vomiting and abdominal 
pain of 7 days’ duration. Except for 
one episode of pneumonia, her past 
general health had been good, without 
history of previous abdominal pain, 
vomiting, or jaundice. 

Six days prior to admission the pa- 
tient complained of abdominal pain 
and subsequently vomited everything 
taken by mouth. The next day (Aug. 
29, 1958) she was examined as an out- 
patient and no abnormalities were 
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noted. She was treated for nonspecific 
gastroenteritis and _ followed daily 
until admission. During this period 
the vomiting subsided but the abdom- 
inal pain persisted. Three days be- 
fore admission she was noted to have 
tenderness in the right upper quad- 
rant. The patient remained afebrile 
throughout the outpatient course. The 
laboratory studies during this period 
were: Ausust 30: urine, negative 
except for 1 plus coproporphyrin; 
blood lead, 0.021 mg. per cent (normal 
range, 0.01 — 0.04 mg. per cent). Sep- 
tember 2: white blood cells 8,600; 
normal differential ; hematocrit, 37 per 
cent; sickle cell preparation, negative ; 
chest x-ray, normal; bilirubin, 2.1 mg. 
per cent total and 1.1 mg. per cent 
direct; cephalin floeeulation, 0; thymol 
turbidity, 1.3 units; serum amylase, 
1,105 Somogyi units. 

The patient was admitted with a 
presumptive diagnosis of acute pan- 
creatitis. The vital signs were: tem- 
perature, 37.2° C.; pulse, 88; respi- 
rations, 24, and blood pressure, 85/60. 
She was in the tenth percentile for 
both height and weight. The skin 
turgor was poor and the mucous mem- 
branes dry. There was marked ten- 
derness and muscle guarding in the 
right upper quadrant; palpation in this 
region was unsatisfactory. Some ob- 
servers, however, felt a small mass 
along the upper lateral border of the 
right rectus muscle. The bowel sounds 
were normal as was the remainder of 
the physical examination. 

Laboratory studies on admission 
(September 3) revealed: urine, acetone 
4 plus, sugar, protein, and microscopic, 
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negative; white blood cells, 8,000; CO, 
(combining power), 24.6 mEq. per 
liter; chlorides, 92.3 mEq. per liter. 
X-ray of the abdomen showed well- 
outlined renal and psoas shadows 
and no splenic or hepatic enlargement. 
The upright film showed a horseshoe- 
shaped portion of the small bowel in 
the mid-abdomen suggesting the ‘‘sen- 


tinel loop’’ sometimes seen in pan- 
creatitis.* 
Hospital Course-——She was main- 


tained on intravenous fluids, gastric 
suction, atropine, penicillin, and strep- 
tomyein. The following laboratory 
tests were obtained: September 4: 
CO, (combining power), 30.0 mEq. per 
liter ; chloride, 90.0 mEq. per liter; Na, 
145.0 mEq. per liter; K, 5.3 mEq. per 
liter; Ca, 114 per cent; total 
protein, 7.7 mg. per cent; albumin, 
6.0 mg. per cent; amylase, 684 somogyi 
units; eephalen flocculation, 0; thymol 
turbidity, 1.0 units; bilirubin, total, 
7.6 mg. per cent, direct, 5.0 mg. per 
cent; glucose, 114 mg. per cent. 

On the third day of hospitalization 
the temperature rose to 38° C., bowel 
sounds were diminished, and the pa- 
tient became noticeably icteric. Be- 
eause of failure to respond to non- 
operative therapy, and because of in- 
creasing evidence of acute cholecystitis, 
an exploratory laparotomy was per- 
formed. 

A transverse right upper abdominal 
incision was made. The palpable mass 
was a large, tense, otherwise normal 


gall bladder without stones. There 
were numerous fibrinous adhesions 


about the porta hepatis, but no evi- 
dence of bile peritonitis. The pancreas 
was edematous and indurated but 
there was no fat necrosis or cyst for- 
mation. At the junction of the com- 
mon duct with the duodenum a large 
tense cystic mass was present which 
measured 2% inehes in diameter. 
Clear sterile bile was obtained on nee- 
dle aspiration. The duodenum was 
then mobilized medially and a short 
duodenotomy performed. There was 
no bile in the duodenum. A probe was 
passed through the normal ampulla 
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and no stone or mass encountered; a 
very small amount of bile escaped 
from the duct when the probe was 
withdrawn. A transverse incision was 
then made in the tense cyst above the 
superior border of the duodenum and 
40 ¢.c. of dark clear bile removed. Fol- 
lowing this decompression, normal bile 
flowed spontaneously into the duo- 
denum. An attempt to identify the 


communication between the eyst and 
duet 


the common met with failure. 





Anastomosis 


1.—Choledochoduodenostomy used for 
congenital cystic dilatation of 


Fig. 
drainage of 
common duct. 


The proximal dilated common duct 
was easily entered with a _ probe 
through the ampulla and lay behind 
the cyst. A eyst duodenostomy 
was then performed between the eyst 
opening and the duodenum which lay 
adjacent and parallel to each other. 
This was elected as a more rapid means 
of internal drainage than a Roux-Y 
jejunal loop. Drains were placed to 
the anastomosis and the wound closed 
with fine silk. 

The patient’s postoperative course 
was uneventful. On the fifth postop- 
erative day (September 9) the labora- 
tory results were: bilirubin, total, 1.6 
mg. per cent, direct, 0.4 mg. per cent; 
amylase, 360 Somogyi units. 

The patient was discharged on the 
tenth postoperative day. She has been 
followed in the outpatient department 
since that time and has remained well 
in the ensuing 8 months. 
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DISCUSSION 


Pancreatitis unassociated with 
mumps is a rare disease in childhood. 
Blumenstock,* was able to find only 31 
eases in reviewing the literature, to 
which he added 4 of his own. The 
symptoms in childhood are not unlike 
those seen in adults and inelude ab- 
dominal pain and tenderness, vomit- 
ing, tachyeardia, and a slight fever. 
The diagnosis may be suspected on 
these clinical findings, but must be con- 
firmed by an elevated serum amylase. 
Commonly, the 
slightly elevated, but clinical jaundice 


serum bilirubin is 
is extremely rare. 

Initially, this patient was thought to 
(the 
amylase of 1,105 Somogyi units was 


have acute pancreatitis serum 


considered diagnostic). Elevations of 
the serum amylase can, of course, oc- 
cur with secondary inflammation of the 
pancreas from peritonitis or penetrat- 
ing uleers or from more remote causes 
such as high intestinal obstruction or 
impaired renal function. In studying 
conditions other than pancreatitis as- 
sociated with an elevated amylase, 
Raffensperger* noted maximal values 
of 388 Somogyi units with diaphrag- 
matie hernia, 326 Somogyi units with 
326 So- 


mogyi units with impaired renal fune- 


intestinal obstruction, and 


tion. The indication for operative in- 
tervention was the rising direct serum 
bilirubin and the questionable abdomi- 
The pancreatitis was not 


nal mass. 


considered a contraindication to ex- 


ploration. The high mortality associ- 
ated with operations for pancreatitis is 
probably due to unnecessary and trau- 
matie dissection in the region of the 
pancreas rather than to the often man- 
datory diagnostic laparotomy itself. 


OF PEDIATRICS 


In an attempt to clarify the rela- 
tionship between pancreatitis and con- 
genital cystic dilatation of the common 
bile duet, a review of the literature 
concerning choledochal cysts was un- 
dertaken. Approximately 265 cases 
have been reported through 1957. In 
1956 Tsardakas® was able to summa- 
rize 242 eases subsequent to which we 
have found 23 eases not ineluded in 
his paper.*: © §*7 A number of excellent 
review articles» "**** have been 
written, and the symptomology, treat- 
ment, and probable pathogenesis have 
been greatly clarified. The triad of 
pain, jaundice, and palpable tumor, 
especially in a young girl, is 
strong presumptive evidence for cystic 
dilatation of the common duct. This 
triad is not constant, however, since in 
Tsardakas” review, pain occurred in 
63.3 per cent, jaundice in 69 per cent, 
and tumor in 72 per cent. The pain 
is usually intermittent, is localized to 
the right upper quadrant, and is often 
associated with nausea and vomiting. 
The jaundice may also be intermittent 
and is sometimes associated with aleo- 
holie stools. 


now 


The eysts vary in volume from 30 
to 5,800 e.c. and usually involve the 
common duct alone. The fact that the 
eystie area is localized and eccentric 
serves to distinguish it from the more 
generalized dilatation of the biliary 
system which may follow purely ob- 
The 


thought to be congenital in origin. 
5S Ss 5S 


structive lesions. cysts are 

All authors agree that the only de- 
finitive treatment is surgical. Various 
operations have been employed. Ex- 
ternal drainage has been unsatisfac- 
tory and excision of the eyst has been 
accompanied by a very high mortality. 


Direct anastomosis of the cyst to the 




















GIBSON AND HALLER: 


duodenum or through a Roux-Y loop 
to the jejunum have become the opera- 
tions of choice. 

These reviews, do not, however, 
mention a possible association with 
fact, 
eliminates such eases, saying, ‘‘No ae- 
count has been taken of eylindrie en- 
largements such as not infrequently 
oecur after partial or complete ocelu- 
sion of the common duet by stone, 
tumor, traumatic stricture or pancrea- 
titis. Ina 
been eystie dilatation. .. .’’ 


pancreatitis. Zinninger,”* in 


few such cases there has 
He gave 
references to such cases, one of which 
(Fowler’s**) seemed to fit the criteria 
for cystic dilatation of the common 
duct. In this ease ‘‘the eystie duet 
was enlarged and tortuous. The com- 
mon duct was dilated to the size of an 
orange and had the appearance of a 
Evidence of chronie pancreatitis 
was present (areas of old fat necro- 
Gross,'* Poate,’® and Shallow’ 
do not mention associated pancreatitis. 
Tsardakas*® also makes no_ general 
statement about pancreatitis, although 
2 of his 3 patients had elevations of 
the serum amylase, one having had a 
previous operation for suppurative 
pancreatitis. Ravitch’ does mention 
that pancreatitis can oceur with chole- 
dochal cysts and cites one patient of 
Grove’s, who had an elevated amylase, 
as well as Tsardakas’ 2 patients. One 
of Dr. Ravitch’s patients had an ele- 
vated serum amylase after operation, 


cyst. 


sis).’’ 


but since her bile and pancreatic ducts 
had been injeeted with a radiopaque 
material for operative cholangiog- 
‘aphy, the significance of this finding 
is questionable. 

Review articles on  pancreatitis*® 
were of little help in elucidating a 
possible relationship between the 2 dis- 
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Blumenstock’s’ review of 35 
eases in children does not suggest any 


orders. 


association. -axton** reviewed 307 
proved eases of pancreatitis from all 
age groups and even though he found 
125 with biliary tract disease, cystic 
dilitation of the common duct was not 
mentioned. 

Since the general reviews gave little 
indication concerning the presence or 
absence of associated pancreatitis, spe- 
cific case reports of cystic dilatation of 
the common bile duct were examined. 
A total of 87 case reports were found. 
1, 6-17, 19-22, 25-70 Twenty-five of the 87 


patients had postmortem examinations. 
20, 21, 25, 28, 31-34, 36, 38, 39, 42, 43, 45, 47, 49, 
51, 52, 55, 58, 61, 69 

Two of the autopsied patients*® * 
had peripanecreatitis which was pre- 
sumably secondary to peritonitis. One 
had pancreatitis believed to be secon- 
dary to serosal metastasis from a liver 
carcinoma. In only one ease** was the 
pancreatitis thought to be associated 
with a congenital abnormality. This 
“ase (Table I, Case 2) was unusual in 
that there pancreatic ducts 
opening into the choledocal eyst and 
both of these pancreatic ducts were 
also eystic. The other 22 autopsy 
reports either failed to mention the 
pancreas or stated that it was normal. 
None of the patients who died had 
amylase determinations. 


were 2 


Of the 60 patients that recovered 
only 7 had any chemical test made of 
pancreatic disease. Two patients’ © 
were found to have normal serum 
amylase values and one™’ had a normal 
urinary diastase of 12 units. Ravitch’s 
patient did have an elevated serum 
amylase, but this may well have been 


iatrogenic. The pertinent findings, 


in the other 3 ecases®* * in which the 
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TABLE 


Fowler22 


Tsardakas® 
(Case 1 


Tsardakas® 


Case 3 


Grove’ 


Present 


case 


AUTHOR 


Me Whorter43 


PEDIATRICS 


THE JOURNAL OF 


Cases or Cystic DILATATION OF THE COMMON BILE 
PANCREATITIS 
JAUN- 
AGE SEX DICE | MASS | PAIN FEVER) WBC 
22 M Yes No Yes 
49 F Yes Yes Yes — — 
34 K No No Yes No — 
58 M Yes Yes Yes Yes 9,600 
9 F Yes Yes Yes Yes --- 
3 F Yes Yes Yes Yes 8,000 


Duct COMPLICATED BY 


AMYL- 
ASE REMARKS 

Cystic dilatation 
of common duct 
(size of an 
orange); areas 
of old fat necro- 
sis thought to 
indicate chronic 
pancreatitis ; 
eyst drained ex- 
ternally; patient 
died, autopsy 
refused 


Hepaticoduode- 
nostomy with re 
lief of symp- 
toms; pancreas 
firm and scle- 
rotic. 74 years 
postoperatively 
developed di- 
abetes; died age 
63; autopsy 
showed dilata- 
tion of bile and 
pancreatic ducts 
and extensive 
pancreatitis. 


2,600 At age 33 had 
operation for 
suppurative pan- 
creatitis at an- 
other hospital; 
sphincterotomy 
was followed by 
recurrence of 
symptoms and 
also jaundice; 
a eystoduode- 


nostmy allevi- 
ated all symp- 
toms 


1,281 Cholecystectomy 
and cystoduo- 
denostomy; all 
symptoms re- 
lieved. 


500 Cured by Roux-Y 
eystojejunos- 
tomy 


1,105 Panereas indu- 
rated, sclerotic 
and edematous; 
cystoduodenos- 

tomy alleviated 

all symptoms 




















GIBSON AND HALLER: 


serum amylase determinations seemed 
to indicate pancreatitis are listed in 
Table I. 


Including the case reported here, 
the ease of Fowler’s, the 3 cases with 
elevated serum amylase values, and the 
ease with the cystic pancreatic ducts, 
there are 6 cases of cystic dilatation 
of the common bile duct which had an 
associated pancreatitis. Dr. Ravitch’s 
may be the The au- 
topsy findings do not suggest that 
severe pancreatitis is a frequent com- 
plication, and the fact that the pa- 
tients who have recovered after opera- 
tion do not show signs of pancreatic 


case seventh. 


insufficiency indicates that extensive 
pancreatitis is an infrequent associated 
condition. The high serum amylase 
values in the few eases in which it was 
determined may reflect the fact that 
the eclinician’s suspicion was aroused 
only in the obviously symptomatie in- 
Since, however, a choledochus 
cyst alone can cause acute abdominal 


stances. 


pain and tenderness, it is difficult to 
understand 
ease differs greatly from one that has 
both a choledochus cyst and pancre- 
atitis. 


how the uncomplicated 


It seems clear that pancreatitis is 
sometimes, though perhaps rarely, as- 
sociated with eystie dilatation of the 
common bile duct. The causal rela- 
tionship is not clear in every ease but 
is probably explainable on the basis 
of obstruction of the pancreatic duct 
by the large tense cyst or by reflux 
into the pancreatic duct. More fre- 
quent determinations of serum amylase 
in these patients may help determine 
the actual frequency of association be- 
tween pancreatitis and congenital 
cystic dilatation of the bile duct. 
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SUMMARY 
A case of congenital cystic dilata- 
tion of the common bile duct with an 
associated pancreatitis is presented. 
The literature 
tempt to find the frequency of such an 


is reviewed in an at- 


association. Five other eases were 
found in which both conditions eo- 
existed. 


pancreatitis are 
not always sufficiently different from 
those of choledochus cyst to ensure the 
simultaneous diagnosis of both diseases 
when they oceur together. Therefore, 
an awareness of the possible associa- 


The symptoms of 


tion may be helpful. 
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HE patient in this case was a girl 

who at the time of her terminal 
illness was 9%» years of age. At the 
age of 514 years she developed a poor 
appetite and listlessness. Four months 
after the onset of her illness, she began 
to have abdominal pain. Except for 
an injury to the left eye with a result- 
ing hemorrhage and glaucoma, the past 
and family histories were not remark- 


able. 

At the time of admission, at age 
514 years, she was pale and thin, 
with an irregularly round, dilated 
left pupil, which did not respond 
to stimulation with light. The 
heart was not enlarged, but a rough, 
high-pitched systolic murmur was 
heard all over the precordium. The 
liver was palpable 5 em., and the spleen 


costal margin, the 


the 
latter occupying the entire left flank. 


7 em., below 
The superficial lymph nodes were all 
uniformly enlarged. 

The initial hemogram gave the fol- 
lowing values: hemoglobin 5.9 Gm. per 
eent; and erythrocytes 2.09 million 
per cubie millimeter; leukoeytes, 500,- 
000, and platelets, 656,000 per cubic 
millimeter. The differential leukocyte 
blasts 1 per cent; poly- 


count was: 
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morphonuclears, 20; promyelocytes, 3; 
eosinophils, 1; myeloeytes, 7; metamye- 
loeytes, 26; band forms, 33; eosino- 
philie metamyelocytes, 3; basophils, 4; 
and lymphocytes, 2. The reticulocytes 
were 2 per cent of the total erythro- 
eyte count. A bone marrow aspiration 
revealed a hyperplastic marrow with a 
differential blasts, 1 per 
cent; 40; im- 
mature granulocytes, 53; lvmphoeytes, 
3, and erythroid elements, 3. Roentgen 
studies disclosed a failure of tubula- 
tion of the distal femoral shafts. 
Treatment with and 
Teropterin resulted in a fall in pe- 
ripheral leukocyte levels, but no sig- 
The 


patient was discharged 6 days after 


count of: 


mature granuloeytes, 


Amino-an-fol 


nificant clinical improvement. 
admission, showing little improvement. 
She was readmitted for transfusions 2 
months later. Over the next 6 months 
there was little evidence of change in 
peripheral blood trans- 
fusions being required to maintain the 
hemoglobin levels. Seven months after 
her first the peripheral 
leukoeyte count rose to 1 million, and 
8-Azoguanine was started. This had 
no significant effect upon her labora- 
tory or clinical status. 


her status, 


admission 
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Seven and half months after 
her original entry, she was readmitted 
for x-ray therapy. At this time, papil- 
ledema and a greatly enlarged spleen 
were noted on physical examination. 
Three hundred roentgens was delivered 
to the spleen over a 2 week period. 
One month later the spleen had de- 
creased markedly in size, the peripheral 
leukoeyte count had fallen to a range 
of 20 to 30 thousand, and her general 
sense of well-being had improved. 

Ten months after her original ad- 
mission, at age 634. vears, the periph- 


one 


eral leukocytes again began to in- 
crease. For this reason a splenectomy 


was scheduled. Before splenectomy, 
the liver was palpable 2 em. below the 
eostal margin, and the spleen 9 em. 
below. The leukocytes 
numbered 38 thousand and the plate- 
lets 298 thousand. After splenectomy 
the leukocyte level fell to 34 thousand, 
but the platelets rose to 1 million per 
millimeter. Four weeks after 
operation, the leukocytes had risen to 
150 thousand, but the platelets had 
fallen to 400 thousand. The child 
continued to do well. 

At the age of 6%. years, urethane 


circulating 


eubie 


was given; over a 5 week period the 
leukocyte count was reduced to 20,000 
per cubic millimeter. For the next 8 
months urethane medication was con- 
tinued with fair the pe- 
ripheral counts, until increasing doses 
caused gastrointestinal toxicity which 
necessitated its discontinuance. 
Twenty-five months after her orig- 
inal admission, at years, 
triethylenemelamine was given because 
of rising leukocyte and platelet counts. 
Neither this, Fowler’s solution, tri- 


eontrol of 


” 
age 714 


ethylenephosphoramide, nor nitrogen 
mustard, given serially over the next 
any 


8 months, caused significant 
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change in the hematological picture, 
though the child continued to do fairly 
well clinically. At 
urethane was again given with a re- 
sultant gradual fall over the next 6 
weeks to a peripheral leukocyte level 
of 50,000 per eubie millimeter. 


age 844.5 vears, 


Twenty days prior to her last ad- 
mission, at age 9%. years, the patient 
was thought to have been exposed to 
measles. Three days before admission 
she developed a frontal headache, a 
hacking cough, lethargy, and 
These were unaffected by the admin- 
istration of tetracycline. 


fever. 


At the time of admission, the tem- 
perature was 101.8° F., pulse, 110, and 

There 
and 
ereased breath sounds over the entire 
right chest. Fine heard 
anteriorly and posteriorly on the right 
during both inspiration and expiration. 
The left side of the chest 
and resonant. 


respirations, 28 per minute. 


were decreased resonance de- 


rales were 


was clear 


The peripheral count was leukocytes, 
191 thousand, and platelets, 3.5 million 
per cubie millimeter. The differential 


smear gave the following values: 
mature granulocytes, 78 per cent, im- 


granulocytes, 13, monocytes, 5, 
The 
hemoglobin was 6.9 Gm. per cent. The 


mature 
eosinophils, 3, and basophils 1. 


spinal fluid was negative and two blood 
The chest 


roentgenograms showed a progressively 


cultures gave no growth. 


severe bilateral infiltration. An electro- 
cardiogram on the day of death was 
essentially normal. 

Bilateral the 
second hospital day, and these per- 
throughout both until 
Respiratory distress increased 


“ales were heard on 


sisted lungs 
death. 
and 

Venous distention of 


relieved by 
the 


was not oxygen. 


neck 


was 
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noted. Penicillin and streptomycin, 
as well as digitalis, were given with- 
effect on the 
She died 6 days 


out evident relentless 
course of the disease. 


after admission. 


Dr. Fevix P. Heatp.*—I think that 
if we inquire into the history a little 
might discover 
referable to the 
Abdominal pain 


more carefully we 


symptoms of anemia 
hemoglobin of 6 Gm. 
is very common in chronie myelogenous 
leukemia, and is not uncommon in the 
period prior to the establishment of the 
diagnosis. It is due to rapid expansion 
in the size of the spleen or to the de- 
velopment of small infarets with peri- 
situation may be 


splenitis. Either 


severe enough to mimie a ‘‘surgiecal 
abdomen.”’ 

The murmur heard on physieal ex- 
related to 


amination have been 


the profound anemia; it was not re- 


may 


ferred to again. 
The spleen was enlarged. Such en- 


much more 


largement tends to be 
marked in chronie myelogenous leu- 
kemia than in ehronie lymphatie leu- 
kemia. The moderate enlargement of 
the lymph nodes also fits in with mye- 
logenous leukemia rather than chronic 
lymphatie leukemia in which the lymph 
nodes tend to be quite large. It is of 
interest that the hemoglobin and red 
cell count 
They need not be when such patients 


Polyeythemia has been 


were so low in this child. 
are first seen. 
deseribed in chronie myelogenous leu- 
kemia with erythroid hyperplasia in 
the bone marrow. Mature segmented 
forms may comprise 30 to 60 per cent, 
and metamyelocytes 20 to 50 per cent 
of the cells in the peripheral smear. 
The striking thing about the peripheral 
smear and the bone marrow in chronic 
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School, and Associate Physician, The Chil- 
dren's Medical Center, Boston. 
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myelogenous leukemia is their simi- 


larity. This is especially true with 
this girl. 
The clinieal course of the disease 


extended over 3 years, in which the 
patient’s status waxed and waned ac- 
cording to various kinds of treatment 
that were used in attempting to con- 
trol the chronic myelogenous leukemia. 
she had transfusions, 
there are several possible reasons for 
her anemia. One is blood loss from 
hemorrhage. <A second is a replace- 
ment of the bone marrow by leukemic 
cells. <A third cause is the excessive 
destruction of red cells. Evidence of 
the latter lies in finding produets of 
excessive red cell destruction in either 
the urine or the stool, or hemosiderin 
in the tissue sections, or by demonstra- 
tion of a shortened red cell survival 
time. We have no data to support any 
of these etiological possibilities, how- 


Since several 


ever. 

Eight months after the onset of 
leukemia, she had papilledema which 
may mean central nervous system in- 
volvement. Whether such involvement 
is of the meninges, or invasion of the 
brain to give inereased pressure, or 
perhaps involvement of the optie nerve 
itself, is not known. In about two 
thirds ef the eases of chronic myelog- 
enous leukemia in adults, direct in- 
vasion of the retina or clumps of in- 
vasive cells along the vessels are found, 
which represent a complication of the 
progression of the disease. 
after a im- 
provement, following radiation to the 
had another re- 
lapse, and splenectomy was considered. 
What criteria should we use for sple- 
nectomy? It is not always on a hemato- 
logical basis. It is sometimes mechan- 
The huge size of the spleen itself 


Six weeks temp ’ 


spleen, the patient 


ieal. 
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may be enough of an indication. An- 
other indication may be a demonstrated 
hemolytie anemia. Splenectomy ob- 
viously helped this girl since she no 
longer had the mechanical problem of 


carrying a big spleen in her abdomen. 


The child was admitted for the last 
time more than 3 years after the initial 
diagnosis was made with a history of 
frontal area and 
fever for 3 days. I would like to ask 
about the probability of exposure to 
measles and whether gamma globulin 


headache over the 


was given. 


Dr. RupoLtpH Tocu.—tThe child rode 
in a Red Cross ear with another child 
who subsequently developed measles 
but it is not known whether she was in 
the prodromal stage. There is no in- 
dication in the record that she was 
given gamma globulin. She was getting 
blood transfusions off and on and I 
presume that she got gamma 
globulin that way. 


some 


Dr. Heatp.—What drug was she on 
at that time? 


Dr. Tocu.—She was on urethane at 


that time. 


Dr. Heatp.—Did the child cough up 
blood at all during the terminal illness? 


Dr. Tocu.—No, she did not. 


Dr. Heatp.—I wonder if we eould 


see the x-rays? 


Dr. Martin H. Wirrensorc.—The 
initial film showed a very slight degree 
of undertubulation of the distal femo- 
‘al shaft, which is a fairly nonspecific 
change. The liver was very slightly 
enlarged, and the spleen very much 
enlarged; later the spleen enlarged to 
the pelvic brim, but there was very 
little enlargement of the liver. One 


of the later films showed a compression 
fracture of one of the lumbar verte- 
brae. 

We have three chest films made on 
the last admission. On the first one 
there are tiny scattered 
throughout the lungs with more on the 
right than on the left, which do not 
conform to a normal vascular pattern 
(Fig. 1). These suggest a miliary 
type of infiltrate. On the next film, 


densities 


the densities are slightly more promi- 
nent. The last film shows a very dra- 
matic change, the lungs being heavily 
peppered with infiltrates and the air- 
containing bronchi standing out by 
ecntrast. 

This represents a massive displace- 
ment of air in the lung by something 
fairly radiodense. This could be one 
of several things, such as massive as- 
piration, a bronchopneumonie process, 
a mild interstitial inflammatory proc- 
ess, a diffuse infiltration non- 
inflammatory type 
lipoid pneumonia or granuloma, mas- 
sive bleeding, or a leukemic infiltra- 


ot a 


secondary to a 


tion, though I have seen very few leu- 
kemie infiltrations in the lungs. 

The history 
These little densities appeared quickly, 


here is important. 
and they gradually became confluent, 
until there was a replacement of the 
normal air-containing spaces of the 
lung after 12 days of illness, which 
would in itself eliminate a number of 
entities from our consideration. 


Dr. Heatp.—Would a leukemie in- 
filtrate develop that rapidly? 


Dr. WirrensorG.—There is a great 
disparity of opinion about that. We 
feel we cannot distinguish leukemic 
infiltration from peribronchial inflam- 


matory infiltration. Regardless of 
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whether the white cells migrate in re- 
sponse to bacteria or viruses or come 
out as a result of leukemia, the dis- 
tribution pattern is the same. We have 
few criteria for distinguishing between 
the The last I saw | 
sidered be an inflammatory infil- 
trate although I believe it turned out 
to be leukemia The 
only differentiatial point is that, if the 
infiltrate is not diffuse, we assume it 


to be inflammatory. 


two. one ¢econ- 


to 


at postmortem. 


Dr. Heatp.—lIs there any evidence 
) 


of pleural involvement on the last film ‘ 


Dr. WirrensorGc.—There is not. 


JOURNAL 





OF PEDIATRICS 


In leukemia hemorrhage occurs when 
when there is severe thrombocytopenia; 
in this ease we have the opposite. 
There were 314 million platelets per 
cubie millimeter. Theoretically, there 
are two possibilities for this increase 
in platelets. The first is that the throm- 
boeytes, which are effective in curtail- 
ing hemorrhage, are actually increased 
—the paradoxical situation of a high 
level of circulating platelets and hem- 
bleeding and 
unusual 
circulating 


normal 
The 


high 


orrhage, with 


clotting times.’ other 


complication of a 


level is thromboembolism. 


platelet 





Fig. 1 

Fig. 1 Roentgenogram of the chest at the 

Fig. 2 Roentgenogram of the chest 2 days 

Dr. Nicuouas Stanu.—Could this 

represent multiple embolizations of the 
lung? 

Dr. WrrrensorG.—That would be 


very unlikely. It would not give an 


even distribution such as we have here. 
Dr. Hratp.—Her 
then, was characterized by fever, re- 


terminal illness, 
spiratory distress, and obvious patho- 
logical pulmonary findings, and a pos- 
sibility of right-sided heart failure, as 
venous distention. 


evidenced by 


9 


Fig. 2 
time of final admission to the hospital. 
before death. 


This has been described in patients 
after splenectomy. 

Recently, Rheinlander*? at the New 
England Center Hospital reported on 
410 splenectomies for various blood 
dyscrasias; in only 2 of these cases was 
there of 
Pulmonary infaretion should be con- 
in this of the 
patient’s roentgen changes and her 


evidence thromboembolism. 


sidered ease in view 


high peripheral leukocyte and platelet 
levels, the former giving a greater 
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viscosity to the blood. She did not 
spit up blood, which is ordinarily as- 
sociated with the hemorrhage or in- 
faretion, but she had right-sided heart 
failure, which presumably could be 
caused by acute pulmonary hyperten- 
sion secondary to thromboembolie pul- 
monary obstruction. 

Children with leukemia un- 
usually susceptible to infection and I 
think this girl was probably no ex- 
ception. They usually have poor anti- 
body formation in response to anti- 
genic stimulation. This girl’s spleen 
had been removed also, which added 
the hazard of overwhelming _in- 
fection. The chemotherapeutic agents 
used may alter the immune response, 
She was 


are 


as well as the disease itself. 
exposed to what was presumed to be 
measles 17 days before the onset of her 
symptoms of fever, headache, dry 
cough, and ‘‘pneumonia.’’ The in- 
cubation period was in the upper range 
of normal. She did not have a rash, 
photophobia, conjunctivitis or Koplik’s 
It is theoretically possible that, 
in this sort of host, the immune-re- 
active response may be so altered that 
an atypical disease would occur. 
Pinkerton® apparently deseribed such 
eases in infants under the term “‘ giant 
cell pneumonia’’ in 1945. Recently a 
ease was reported of a young infant 
with leukemia who developed inter- 
stitial pneumonia, subsequently died, 
and had giant cell pneumonia with 
giant cells also in the liver and pan- 
creas.‘ This infant had very good 
evidence of clinical measles, unlike 
our present case. 

Tuberculosis should be mentioned as 
a differential possibility but there is 
no history of contact. 

In summary, then, this child had 
chronic myelogenous leukemia and 
died from respiratory embarrassment. 


spots. 
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Is this an atypical response to measles 
virus with pneumonia or is it the syn- 
drome of thrombocytopenia with dif- 
fuse hemorrhage into the lungs? I 
favor the latter and would expect to 
find diffuse leukemic infiltrations in 
the kidneys, the liver, the bone marrow, 
and possibly the brain. 


Dr. CHARLES A. JANEWAY.—It is in- 
teresting that, when this child was ad- 
mitted, her leukocyte differential count 
was that of a normal child with no ab- 
normal cells in the peripheral blood. 
If there were multiple arterial thrombi 
in the lungs creating this picture, it 
must have been a very extensive proc- 
ess. She did not cough up blood and 
I doubt if the electrocardiogram would 
be normal in the face of this much 
embolic obstruction to the pulmonary 
blood flow. Most likely, this patient 
had an infection such as a widespread 
tuberculosis, fungus, measles, virus, or 
other secondary infection. 


Dr. Heautp.—I agree. I think she 
should have good evidence of electro- 
eardiographic change. We had one 
example a short time ago of multiple 
thrombosis in the lungs of a leukemic 
patient who very rapidly developed 
right-sided failure with all evidence 
of right-sided obstruction. 


Dr. JANEwAy.—The child’s platelet 
level is just out of my experience. It 
seems fantastic to me that blood can 
circulate with this many platelets with- 
out the formation of thrombi. 

Dr. Craic.—Dr. Toch, how often do 
you get this many platelets? 

Dr. Tocu.—We have seen them in 
one other child. 

Dr. JANEWAY.—Over a long period 
of time or just at the onset of their 
leukemic state? 








664 


THE JOURNAL OF PEDIATRICS 





Fig. 3 Photomicrograph of the lung Hyperplasia of epithelium, alveolar septal cell pro- 
liferation and giant cell formation are present Intranuclear inclusions are indicated by ar- 
rows (Hematoxylin and eosin x 250.) 

Fig. 4 Photomicrograph of the 


acinar elements of the 


x120.) 


trachea Marked 


inflammation and 
submucous bronchial glands 


metaplasia of the 
are present. 


(Hematoxylin and eosin; 
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Dr. Tocu.—At the point when it 
does occur, the patients are so sick 
that they may die from other causes. 


Dr. Siwney Kiprick.—While this 
child might not have had as adequate 
an antibody normal 
child, yet she had been getting blood 
transfusions. This may have ‘‘modi- 
fied’’ her measles, as in a patient given 
Thus the ineubatien 
period may have been prolonged. 


response as a 


gamma globulin. 


Koplik’s spots may not be present in 
modified 
any rash may be a manifestation of the 
partial had 
from her transfusions. 


measles and the absence of 


protection she received 


Dr. Craic.—This child, as suspected, 
had a typical giant cell pneumonia, 
presumably due to infection with 
measles virus, with marked alteration 
of the lung parenchyma. The lungs 
were two to three times enlarged, dis- 
tended, firm, and nonerepitant. There 
was marked proliferation of the al- 
veolar septal cells, with many multi- 
nucleated giant and_ typical 
eosinophilic intranuclear and 
philie intracytoplasmic inclusions (Fig. 
3). The bronchial glands also were in- 
volved with proliferation of the epithe- 
lium and squamous metaplasia (Fig. 
4). Giant cells were also found in 
the regional lymph nodes. In no other 
organ of the body was there evidence 
of infection with 

The leukemic 
marked, there being very little in- 
filtration into the (Fig. 5), 
though the liver was enlarged. The 
bone marrow was hyperplastic, and, 


cells 
baso- 


measles virus. 
process was not 


liver 


though immature myeloid cells were 
present, the erythroid series predomi- 
nated and many megakaryocytes were 
seen (Fig. 6). I would not consider, 
from the picture, that her death could 
be attributed directly to the leukemic 
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All 


autopsies in cases of giant cell pneu- 


process or to chemotherapy. 
monia have been performed since 1946. 
In all of these there has been under- 
lying severe disorder; one ease of cystic 
fibrosis of the 
seminated neuroblastoma, one of Hand- 
Schiiller-Christian disease, 2 of enter- 
itis, and 
From a number of these, measles virus 
has been isolated in tissue culture. 


panereas, one of dis- 


several eases of leukemia. 


Dr. ANNA Mirus.—In 1956, Dr. Me- 
Carthy and I° in Dr. Enders’ labora- 
tory, studied 3 eases of giant cell pneu- 
monia, among those mentioned by Dr. 
Craig, and we were able to isolate an 
agent which was serologically and cyto- 
pathogenically indistinguishable from 
the virus of measles. None of these 
children had a history of rash or other 
characteristie signs of measles, but all 
had been exposed to measles. One 
child received globulin 
prior to his terminal illness; 2 of the 
children did not. The terminal illness 
was characterized by respiratory diffi- 
eulty. The first 2 patients had very 
severe progressive bronchopneumonia, 
resistant to antibioties, which lasted 
The last patient 
died with 


gamma just 


from one to six weeks. 
had a slight cough 
fulminating severe cyanosis. The virus 
was isolated in the first ease from bron- 
chial secretions, in the case 
from the lung, and in the third ease 
from the lung and liver. At autopsy 
all the children presented the signs of 
their primary disease and a typical 
giant cell pneumonia, just described 


and 


second 


by Dr. Craig. 

Five to seven days after inoculation 
of the tissue cultures, we observed the 
appearance of typical giant cells, in- 
distinguishable from those produced 
by the virus of measles, with the for- 
mation of intranuclear inclusion 
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Fig. 5. 





Fig. 6. 
Fig. 5 Photomicrograph of the liver. A few lymphocytes are present in the portal triad. 
No leukemic infiltrate is present. (Hematoxylin and eosin; 250.) 
Fig. 6 Photomicrograph of bone marrow. The marrow is hyperplastic, but young myeloid 
cells predominate ; megakaryocytes are present. (Hematoxylin and eosin; 500.) 
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bodies. We adapted the virus to 
amnion, monkey, kidney, and HeLa 
cells. 

We have tested this isolated agent 
in three monkeys, all of which showed 
a very significant antibody increase. 
The agent was isolated again from the 
blood of one of the monkeys. 

The work of Dr. John Adams*® has 
suggested that giant cell pneumonia 
may be caused by the distemper virus. 
In tests with convalescent serum from 
dogs with distemper mixed with the 
measles virus, or of distemper virus 
mixed with human convalescent mea- 
sles serum, there was no neutralization 
in either instance. This indicates that 
our cases of giant cell pneumonia are 
not related to distemper virus. 

Our experiments indicate then that 
certain cases of giant cell pneumonia 
are caused by the virus of measles. 
The question arises as to why the same 
agent can cause two conditions that 
differ so greatly. It is possible that 
this difference lies in an altered host- 
virus relationship. In our series, all 
the children were suffering from 
ehronie debilitating disease which 
might have altered their response to 
the virus of measles. 


Dr. JANEWAy.—I think Dr. Enders 
has had the feeling that many of the 
pathological manifestations in some of 
the exanthematous diseases represent 
interaction of antigen and antibodies. 
It seems to me that this is perfectly 
possible. Dr. Berenberg and I tried 
to demonstrate this by injecting gamma 
globulin, which contains quite a lot 
of measles antibody, into the skin of 
patients with early eases of measles. 
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We hoped to demonstrate a flare-up 
of the rash in the area. We obtained 
very indefinite results. 

No one has been lucky enough to 
make a diagnosis of giant cell pneu- 
monia in a live patient, so blood tests 
for antibodies could not be made. 


Dr. Kiprick.—I noticed that, of the 
patients in whom there were no skin 
manifestations, the majority were in- 
fants, so there is the possibility of a 
passive maternal protection modifying 
their disease. In the older children 
with this disease, it would be of in- 
terest to know whether blood trans- 


fusions had been given. Antibody 


thus supplied may have modified this 
disease and suppressed the rash. 


Dr. JANEWAY.—It is interesting that 
when the children with agammaglobu- 
linemia, who have a marked inability 
to make antibodies, have an attack of 


measles, their course is not unusual 


and they apparently develop an im- 
munity to measles. 
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HEMOLYSIS OF ERYTHROCYTES 


HE mechanism by which hemoly- 

sis of the erythrocytes is brought 
about in favism and in certain he- 
molytic anemias which appear to be 
dependent upon extrinsic factors is 
not entirely understood. Recent sero- 
logie studies' have stressed immuno- 
logic aspects in the etiology of favism. 
By means of in vitro hemagglutina- 
tion phenomena antibodies to the 
fava bean were identified in the serum 
of an untreated patient suffering from 
favism. The same phenomena could 
be demonstrated using the serum of 
rabbits immunized against fava bean 
extract. Many reports over a period 


of years have emphasized the im- 
portance of individual variation in 
erythrocyte morphology and_ the 


unique capacity of the erythrocyte to 
respond to foreign substances. It 


seems logical that basie defeets in 
the patient’s erythrocytes might 


render them susceptible to hemolysis 
upon exposure to a substance which 
otherwise would not cause hemolysis. 
The glutathione instability of drug- 
sensitive red cells is now well recog- 
nized, and tests for the detection of 


low levels of redueed glutathione 
(GSH) have been in use for some 
time. Ineubation of such deficient 


erythroeytes with acetyl phenylhydra- 
zine the appearance of ab- 
normal numbers of Heinz bodies in 
the cells, as well as a marked decline 
in their reduced glutathione content. 
This test, known as the glutathione 
stability test, is a sensitive method 
for the deteetion of individuals whose 
erythroeytes exhibit the defeet.* 


causes 
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The glutathione of normal human 
erythrocytes is apparently in a dy- 
namie state, its concentration being 
dependent upon the rates of its for- 
mation and destruction, and also on 
the capacity of the red cells for main- 
taining glutathione in the reduced 


state. Reduced glutathione is an im- 
portant source of free sulfhydryl 
groups (—SH) which are functional 


requirements for a large number of 
cellular enzymes and coenzymes. The 
reduction of the oxidized compound 
(GSSG) is thought by some investi- 
gators to be eatalyzed by a specific 
enzyme which has been found in 
human red cells and in other tissues 
of the body.* In recent years a num- 
ber of investigative studies has in- 
dicated that compounds containing 
sulfhydryl groups may play an im- 
portant role in maintaining the in- 
tegrity of the erythrocyte. Reduced 
glutathione comprises more than 95 
per cent of the reduced nonprotein 
sulfhydryl compounds in the red cell. 
Beutler and his associates** were 
among the first to demonstrate that 
reduced glutathione is diminished in 
erythrocytes from Negro patients with 
certain types of drug-induced he- 
molytie anemia. Subsequently defects 
in glutathione metabolism were re- 
lated to a deficiency of glucose-6- 
phosphate dehydrogenase in the 
erythrocyte, and recent studies in- 
dicate that several metabolic defects 
may be interrelated in abnormal 
erythrocyte metabolism, the defective 
complex thought to be determined 
geneticall!y—inherited as a sex-linked 
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or sex-modified trait, or perhaps de- 
pendent in inheritance upon a sex- 
linked gene of variable expression. 
Whatever the mode of inheritance, 
the tendeney to familial oceurrence 
of this enzymatic deficiency intrinsic 
in the erythrocytes is definite. The 
trait oceurred in an over-all pereent- 
age of 4.6 in a random sample com- 
posed of 305 human subjects, and 
was more than five times as common 
among healthy American Negroes as 
among healthy white subjects. Care- 
ful inquiry into the family history 
usually reveals more than one mem- 
ber showing the trait in some degree. 

In 1958 Gross, Hurwitz, and Marks* 
reported erythrocyte glucose-6-phos- 
phate dehydrogenase deficiency in 
certain individuals with a history of 
hemolytic anemia due to ingestion of 
naphthalene, chiefly moth balls, to 
fava bean consumption, or to drugs, 
or of undetermined cause. These 
authors made a study of 18 families 
in each of which at least 2 members 
showed enzymatie defects of the 


erythrocytes. In accord with pre- 
vious investigators, they econelude 
that alterations in glutathione me- 


tabolism are associated with erythro- 
cyte response, and that the deficiency 
in erythrocyte glucose-6-phosphate 
dehydrogenase is intrinsic, probably 
inherited as a_ sex-linked recessive 
which may also be sex modified. Ex- 
cept in very young infants an altera- 
tion in reduced glutathione stability 
upon incubation with acetyl phenvyl- 
hydrazine was associated consistently 
with a deficiency in glucose-6-phos- 
phate dehydrogenase. Infants under 
about 60 days of age may show a strik- 
ing instability in erythrocyte metako- 
lism, despite high levels of glucose-6- 
phosphate dehydrogenase activity. 
Transient instability of reduced gluta- 
thione in the relatively immature red 
blood cells of normal newborn infants 
is well recognized,” * and was deseribed 
in detail by Zinkham and Childs® in 
connection with studies of vitamin K 
and various metabolites of the erythro- 
cytes in the newborn period. 
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Zinkham and his associates have 
been interested for a number of years 
in abnormalities of the erythrocytes 
in connection with hemolysis in various 
hypersensitivities ineluding that as- 
sociated with favism. Detailed studies 
on 2 patients with favism were re- 
ported by Zinkham, Lenhard, and 
Childs® in 1958. One of these patients, 
a boy of Greek extraction, had been 
the subject in early childhood of a 
previous report on _ favism. His 
brother also had experienced repeated 
attacks of icterus. Evidence of in- 
trinsic deficiency in erythroeyte me- 
tabolism was noted in both brothers. 
The father of these boys had an 
equally prominent deficiency in glu- 
cose-6-phosphate dehydrogenase  aec- 
tivity ; however, he had never suffered 
from any definite clinical manifesta- 
tions following ingestion of fava 
beans, and stated that he had never 
consumed the raw bean, but only 
those that had been cooked. In the 
erythrocytes of the second patient, 
also of Greek extraction, characteris- 
tie abnormalities of glutathione me- 
tabolism were demonstrated. The 
father of this boy also manifested the 
deficiency as determined by gluta- 
thione stability tests. Intermediate 
values for glutathione stability were 
obtained in both mothers in these 
Greek families. Another study by 
Zinkham and Childs® coneerns gluta- 
thione metabolism in erythrocytes 
from patients with naphthalene-in- 
duced hemolytic anemia. Four pa- 
tients are reported upon who suffered 
from hemolytie anemia following ex- 
posure to naphthalene ; all were 
Negroes, 3 males, one female. Erythro- 
eyte abnormality in glutathione me- 
tabolism was demonstrated in all 4 
patients by the determination § of 
glutathione concentration in whole 
blood and by stability studies. One 
of these patients was a newborn infant 
who must have been exposed to 
naphthalene through the placenta, 
“since both he and his mother had 
profound hemolytie anemia, but she 
alone had ingested moth balls,” hav- 
ing had an unnatural craving for the 
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odor and an unnatural desire to suck 
on moth balls during her pregnancy. 
Repeated stability tests carried out 
on the infant’s erythrocytes in the 
neonatal period and during the first 
3 months of life led the authors to 
the conclusion that, while a certain 
metabolic instability is characteristic 
of normal erythrocytes in the new- 
born period, true deficiencies in glu- 


tathione metabolism tend to “express 
themselves only in older erythro- 


cytes.” 

At the May, 1959, meeting of the 
American Pediatrie Society, Zinkham 
and Lenhard’ reported observations 
on the “Significance of Primaquine- 
Sensitive Erythrocytes in Patients 
With Congenital Nonspherocytie He- 
molytie Anemia.” They pointed out 
in this presentation that “the term 
‘congenital non-spherocytie hemolytic 
anemia’ has been applied to a variety 
of congenital hemolytie disorders,” 
and that a “review of reported cases 
indicates that not all patients with 
this diagnosis are suffering from the 
same disease.’””’ Metabolic defects in 
the erythrocytes were deseribed in 
some of these patients. Over a 2-year 
period Zinkham and Lenhard studied 
glutathione metabolism and glucose- 
6-phosphate dehydrogenase activity 
in the red cells of 6 patients with non- 
spherocytic hemolytie anemia. These 
patients were from 4 separate fami- 
lies, one being American Negro, and 
the others of American Caueasian 
aneestry—Dutch, French, or English. 
While all of these patients had de- 
veloped hyperbilirubinemia in the 


neonatal period, their subsequent 
clinical courses had differed. Two 
of them required frequent transfu- 


sions before splenectomy at 2 and 3 
years of age. Although hemolysis 
continued after splenectomy, trans- 
fusion requirements were decreased 
greatly. In these 2 patients the glu- 
tathione stability test and assays for 
red-cell glucose-6-phosphate dehydro- 
genase gave normal results. In the 
other 4 patients the degree of anemia 
was milder, the rate of hemolysis 


being aecelerated on oceasion follow- 
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ing infection. One of these children 
had experienced a severe hemolytic 
episode following the ingestion of 
phenacetin. In these 4 individuals : 
markedly abnormal glutathione sta- 
bility test was obtained and the glu- 
cose-6-phosphate dehydrogenase was 
extremely deficient. Studies carried 
out on the families of these 4 patients 
revealed that the defect was present 
in other members, and in one family 
could be followed for 3 generations. 
The authors are of the opinion that 
glutathione metabolism and glucose- 
6-phosphate dehydrogenase activity 
studies will aid in the specific elassi- 
fication of the congenital nonsphero- 
cytie hemolytic anemias. 

Under certain circumstances clinical 
hemolysis would seem to result from 
exposure to toxic substances in those 
individuals who have a marked de- 
ficiency in glucose-6-phosphate de- 
hydrogenase and unstable erythro- 
eyte metabolism. In favism and certain 
drug-induced hemolytic anemias the 
mechanism of red-cell damage may 
be analogous. Further investigations 
in this important field will be of con- 
siderable interest. 


Russe. J. BLATTNER 
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To ‘the Editor: 


Seant attention has been given in pediatric 
literature to the contributions an educator 
can make to the habilitation of the young 
child. At a 


psychiatric meeting in San 


handicapped recent ortho- 
Francisco, Jane 
in Chil 


dren’s Hospital Cerebral Palsy Program, dis 


Phelps, the nursery school teacher 


cussed her observations. The paper was well 
received by physicians, psychiatrists, and 
alike, and 
hope that it would be given wide distribution. 


educators several expressed the 


The main points of the discussion are pre 
sented her under the headings: The Parents, 


The Children, and Diagnostic Observations. 
rE PARENTS 
“The careful 


preparation for the beginning days of nurs 


parents require the most 
The profundity of the parents’ 
with 


ery school. 


despair cannot be overestimated, for 


most of our parents the diagnosis of a 


handicap is new. The nursery school is 
usually the parents’ first experience in seeing 
a group of handicapped children together. 
Some children will be more handicapped than 
their own, some less so. The constant sup- 


port the parents need in having accurate 
medical information repeated over and over 
cannot be overemphasized. The parents of 
a mildly spastic child may erroneously antic 
ipate that their child will grow up to be like 
athetoid child. 


be alert to the un- 


a severely Experience has 
taught us that we must 
spoken questions and misconceptions that are 


Here 


we are working with parents who are making 


typical of parents new to the program. 


a variety of attempts to help the child on 
the one hand and, in many instances, to deny 
the problem to themselves on the other. They 
may be waiting for the child ‘to grow out’ 
of it, or their expectations may be unrealistic 
and they may be angry and hostile or de 


pressed and apathetic. 


“We have also learned that parents may 
see attendance in a school situation as imply- 
ing educability or trainability and such is not 
always the case. We therefore indicate that 
the first 6 
period in which we determine whether or not 


weeks or so are an evaluation 


this nursery school is suitable for this child. 
It is basie to our discussion of what a pre- 
school program can do for the brain-injured 
child to that in this 


critical 


stress the fact most 


preschool period one accomplishes 
with the child only what one is able to ac- 
complish with the parents: helping them to 
accept the diagnosis and to develop an ac- 
curate picture of their child. The preschool 
period often marks the start of a process in 
which parents are just beginning to perceive 
the implications of the diagnosis for their 
child and the family unit. The birth of a 
handicapped child into a family is much like 
dropping a pebble in a pond: the effects are 
wide and far-reaching and affect the siblings, 
the grandparents, relatives, and friends of 
the family. 

“From our experience we have learned the 
need for developing a flexible kind of parent 
education program. This may inelude films, 
speakers at monthly evening meetings, and 
diseussion groups, but it is the direct kind of 
parent participation in the nursery school that 
enables the staff to be alert to the distortions 
and unasked questions that parents reveal in 
our day-to-day contact with them. It is here 
that we begin to understand the variety of 
attempts the parents make to ‘negate’ the 
evidence. There is tremendous advantage 
in being located in a medical setting where 
both parents and staff have easy access to 
the pediatrician, the psychiatrists, and the 


psychologists.” 


THE CHILDREN 


“We have evolved a definite philosophy 
in relation to these children. We attempt to 
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provide simple social play directed toward 
emotional satisfaction in order to release 
whatever potential the child may have for 
later learning experiences. Some of the more 
basic satisfactions may have been restricted 
at home. Thumb sucking, chewing toys, 
feeling or smelling toys, and seemingly ran- 
dom, purposeless activity is not restricted 
unless harmful to the child or to others. It 
is obvious that these handicapped children 
are both immature and inexperienced to a 
than the nonhandicapped 


greater degree 


child of the same age. We share a deep 
with 


factors which contribute to the formation 


concern other disciplines as to the 


of the child’s self image. It is our feeh.g 
that these children need tangible physical 
evidence of affection and acceptance. They 
need to be picked up and comforted, and 
picked up and played with, with expressions 
of acceptance verbalized when appropriate 
and when spontaneous. It is all too com- 
mon an experience that these young chil- 
dren have already been exposed to reactions 
In the 


preschool vears, quite apart from whatever 


of revulsion, disgust, and curiosity. 


else we can offer, if we can help them form 


an image of themselves as being loved, 
wanted, and worthy of respect, we will have 
basic to their de- 


contributed something 


velopment. If the basic experience here is 
good, we will have given them the strength 
to meet the stress of future contacts which 
may be less good. 

“In this area we are reminded of various 
‘If he 
just didn’t embarrass me by smelling every- 
‘If only he 
mind 


comments mothers have made to us: 


thing, I could stand it better.’ 
didn’t much, I 
taking him out.’ Or, ‘When my other chil- 
dren were 4 years old and went through 
But when 


drool so wouldn’t 


a silly stage, it wasn’t so bad. 
Billy does it, I’m afraid people will think 
he’s not right in the head.’ 

“Because parents are already so puzzled 
by the odd extremes of behavior they have 
struggled with, they have handled 
it by pressuring the child ‘to stop it.’ If 
the child’s 
‘spotty’ and 


may 


behavior is 
from 


characteristically 

behavior quite 
that 
seems a reversion to earlier infantile pat- 


swings 
appropriate to his age to behavior 
terns, he may have had his personal dignity 
assaulted by ‘don’ts’ far more than a nor- 
mal child might have to bear, 


? 
} 
“We remember that these children may 


have been under medical, surgical, or 


psychological care for long periods of time, 
time to be 


Whatever 


and may not have had much 
what they are—young children. 
their chronological age, they must not be 
pushed into patterns of conformity beyond 
their maturational skills. In nursery school 
forced to sit during snack 
than they are able, or 


forced to sit and listen to music when they 


they are not 
period for longer 
should be playing. 

“During the morning session the activi- 
ties are much like those one would see in 
any nursery school although it is quieter, 
talk; 


there is less moving around, since many of 


since many of the children do not 
the children are not ambulatory, and the 
It is 


important that a room be available where 


pace is quieter and somewhat slower. 


the more typically brain-damaged child may 


go in order to recover his equilibrium. 
Such children are often conspicuous in a 
group, and, when pressures (which the adult 
eannot always see) have become intoler- 
able, the child can be observed standing in 
the middle of the room with his hands over 
his ears, or seeking the haven of the adult’s 
lap, or, more typically, bursting into tears. 
These children need a program that is in- 
dividually designed for them; it will vary 
, 


from day to day.’ 


DIAGNOSTIC OBSERVATION 


“During the period of unrestricted play 
and those periods in which some structuring 
is necessary, the teacher can be alert to ob- 
serving the behavior, verbal responses, and 
problem-solving methods that offer clues as 
tv the nature of the child’s more subtle dis- 
Some of 


stressful situations with an increase in drool- 


abilities. these children react to 
ing, with unusual motor behavior such as toe 
walking, and an increase in awkwardness in 
fine finger coordination. 

“One of the essential contributions a pro 
ours can offer is to 
mulate that 
confirm the diagnosis or offer new 


gram such as accu- 


observed data tends either to 
insight 
as to the real nature of the child’s prob- 
lems. 
“The kind of observation we can make 
in the playroom is a long-term process and 


great care should be taken to avoid placing 
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a label on the child that long-term observa- 
tion does not confirm. We can observe the 
child struggling because of his inability to 
organize stimuli into a meaningful whole, 
and we can observe that he seems to inter- 
pret stimuli differently than other children. 
Over a long period of time we can also 
watch the development of avoidance tech- 
niques which these children utilize to cover 
up their deficiencies from the simple and 
direct ‘I don’t want to do that puzzle’ to 
the more sophisticated ‘I’m not feeling well 
One can watch these children 


right now.’ 


struggle to remove pieces from a puzzle, 


expending energy in trying to remove a 
part that is merely a design painted on the 
border. The child can be observed trying 
to work a puzzle, but able to guide the pieces 
in only by placing his finger in such a way 
that he feels where the indentations are. We 
have watched such children during informal 
story periods, where large, colored pictures 
are used, and they respond in such a way 
that we know they are aware only of a small 
fragment of the total picture, or are con 
cerned with a minor flaw in the paper which 
readily the adult. Some of 


is not seen by 


the children can identify the parts of the 
body on themselves or in a book but cannot 
do it on the doll. There is about these chil- 
dren a specific quality that suggests inter 


ference rather than lack, One must try to 
separate to what degree the child’s anxieties 
and feelings of inadequacy and helplessness 
contribute to the formation of this symptom 
complex. The teacher must try to be alert 
to the child’s changing performance to know 
failures at 


whether his present are because 


he has not yet developed skill in that area 
but is capable of so doing, or whether it may 
be an area whieh is not eapable of being 
developed. 

“Therefore, it can be said that the basic 
contribution a preschool program can make 
to the brain-injured child is to provide him 
with as much support and emotional security 
as we can to help him go on to the next 
The potential of these 


learning situation. 


children is often high, but, without real 


understanding of their basic pathology, they 
ean be mismanaged, Then, there is superim- 


posed a psychological problem which may 


make future evaluations almost impossible. 


THE JOURNAL OF PEDIATRICS 


“If the first 5 to 7 years are important 
for the normal child, they are infinitely more 
important for the brain-damaged one.” 


JANE K. PHELPS, B.A. 
H. E. THELANDER, M.D. 
San Francisco, Calif. 


To the Editor: 


There is little doubt that early diagnosis 
of esophageal atresia is becoming more 
common. The symptom complex of exces- 
sive salivation and prompt regurgitation of 
feedings is becoming well known and usu- 
ally leads to immediate investigation. De- 
spite this there are still two common “pit- 
falls’ which cause unwarranted delay in 
diagnosis and these are seen so frequently 
that it is felt that they should receive fur- 
ther comment. 

It is well known that any baby with the 
symptom complex mentioned above should 
have a tube passed into the stomach with- 
out delay to confirm or exclude esophageal 
What is not is the 

which 


atresia. well known 


ease with many rubber or plastic 
gavage tubes can curl up in the upper, blind 
esophageal pouch and give a false impres- 
readily into the 
this 
many times, and it invariably delays recog- 
nition and treatment by several hours. One 


ean avoid the error by filling the tube with 


having 
We have seen 


sion of passed 


stomach. error made 


a little contrast medium and then passing 
it into the stomach under fluoroscopic con- 
trol. If a blind esophageal pouch is pres- 
ent, a small amount of dye can be injected 
into it and subsequently removed after 
x-rays are taken. 

The 


diagnosis is confusion between the symp- 


other common cause in delay in 


toms of atresia and those of respiratory 
difficult labor. We 
have been told several times that the doctor 


distress following a 


attending the baby at birth did not suspect 
baby had 


“choking spells” because the labor was dif- 


esophageal atresia when the 
ficult and possibly associated with hydram- 
nios. The latter should always raise the 
question of gastrointestinal obstruction in 


the infant, and excessive salivation in any 
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newborn infant demands immediate investi- 
gation despite the difficulties encountered 
during labor. 

We have recently had a case in which 
both these diagnostic errors contributed to 
eventual diagnosis. It would 
seem, that further mention of 


them would not be out of place. 


delay in 
therefore, 


P. G. Ashmore, M.D. 
Vancouver, Canada 


Correspondence 


To the Editor: 
As a regular reader of the JOURNAL, a 


particular advertisement has been of some 
concern to me. It appears on page 79 of the 
June, 1959, taut little 
boy is shown next to a picture of his report 
marked by a indicating her 


of anxiety. 


issue. An astheniec, 


eard teacher, 


**diagnosis’’ A tranquilizer is 
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suggested for this problem. The advertise- 
ment says, in effect, to dampen all of this 
boy’s responses to difficult problems so that 
he will be like other children. 

Is this what we really want to achieve? 
The very foundation of personality develop- 
ment is the grappling with and the finding 
these anxiety-producing 


of a_ solution to 


situations. By use of such ataracties, are 
we not merely postponing, or worse, replacing 
this necessary agony of growing up? 

The tranquilizers have been of inestimable 
value in medicine, and specifically in pedi- 
atrics in cases of a severe nature, but they 
are being used all too often to ‘‘cool off’’ 
a child in a temporary struggle with his 
add the 
growing list of 


problems, Let us not adolescent 


character disorder to our 


iatrogenic ailments. 


Epwin A. SuMpTER, M.D. 
Nashville, Tennessee 
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Cerebral Palsy. A Clinical Study of 370 
Cases. Marit Skatvedt, M.D., Stockholm, 
Sweden, July 1948, Monograph Supple- 
ment to Acta Paediatrica, Vol. 46, Alm- 
qvist & Wiksells International Book- 


sellers. 


‘*Cerebral Palsy is a clinical syndrome 
consisting of a number of different forms 
of motor disorder to cerebral lesions 
and is characterized by lack of control and 
coordination of the voluntary muscles.’’ 
From this definition Dr. Skatvedt reviews 
the history of cerebral palsy from Dr. Little 
in 1853 to Dr. 1954. He has 
analyzed the distribution of his patients in- 
and studied the various 


due 


Perlstein in 


to clinical 
etiological factors. 


types 
Hereditary genetic fac 
tors are rare. 

He reviews the diagnostic criteria and 
considers in considerable detail pneumoen- 
cephalographic studies, which are less fre- 
quently done in the United States today. 
There is a discussion of the mentality, 
speech abilities, incidence of convulsions, 
and of other abnormalities. 

Treatment is mentioned only briefly, and 
there are no data as to results of treatment. 

Dr. Skatvedt has 
etiology 


given a very good 
monograph on and diagnosis of 
cerebral palsy with statistical reports on 


370 cases. 


Differentialdiagnose neurologischer Krank- 
heitsbilder. G. Bodechtel, Stuttgart, 
1958, Georg Thieme Verlag, 975 pages. 


This is an extremely well-organized and 


well-documented reference book concerned 


with neurological differential diagnosis. 
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The contents have been divided according 
to both anatomic and pathologic consider- 
ations. Such a classification is extremely 
simple and useful. 

The numerous illustrations are superb 
and certainly complement a splendid text. 
The section devoted to cerebral circula- 
tion, which includes arteriographic studies, 
is especially well done and is illustrated by 
arteriograms. 

This text should be translated into Eng- 
lish and made available to more persons in 


clinical neurology. 
W. 8. F. 


Current Problems in Allergy and Immu- 

nology. William Kaufman, Editor, Basel 
New York, 1959, S. Karger, 988 
Price $14.40, sFr. 60. 


and 
pages. 


This volume contains some sixty articles 
which were published initially in several 
issues of the International Archwes of 
Allergy and Applied Immunology as a 
Festschrift to Béla Schick on the occasion 
of his eightieth birthday. The assemblage 
of these papers into a single volume will 
be meaningful to the allergist and im- 
Of a different order of im- 
portance is the honor to one of 
pediatrics’ truly great men. Schick’s con- 
tributions, especially in the fields of allergy 
and immunology, insure him a niche in 
medicine’s Hall of Fame; his stature in the 
pediatric world today is based perhaps as 
much on the affection and admiration of 
been privileged to 
ideal 


munologist. 
paid 


the many who have 
know him and who see in him an 
practitioner, teacher, and investigator. 














Editor’s Column 


**POOR PROTOPLASM”’ 


OOR protoplasm’”’ is an expres- 

sion which has become firmly es- 
tablished as part of the argot of 
pediatric house officers and is fre- 
quently heard in other medical circles. 
A brief survey of the aficionados of 
the term reveals that this is an ap- 
pellation applied to patients with 
obseure or ill-defined disorders in 
whom manifestations such as failure 
to thrive, disturbance of growth, 
mental retardation, and repeated in- 
fection are common. These findings 
may or may not oecur in association 
with apparent congenital malforma- 
tions. The label is generally applied 
only after the usual laboratory 
studies have failed to offer a diag- 
nostic lead. It implies something 
odd or unfamiliar; in essence it is 
simply another way of saying we do 
not know the cause for the patient’s 
disorder. Too often, however, ‘‘ poor 
protoplasm”’ is stated with a finality 
that precludes any further delibera- 
tion of the problem. It connotes a 
sense of hopelessness and abandon- 
ment of any prospect of discovering 
the basic disorder. 

Since protoplasm is the essential 
material of all cells and is composed 
of proteins, carbohydrates, lipids, 
and inorganic salts, ete., it is evident 
that patients with ‘‘ poor protoplasm’”’ 
must of necessity have a disorder of 
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one or more of its component parts. 
The well-defined disorders of these 
components comprise the majority of 
the entities known as the inborn 
errors of metabolism (Garrod) or the 
molecular diseases (Pauling). Thus, 
it follows that many patients with in- 
born errors of metabolism have in a 
sense ‘‘poor protoplasm’’ or, more 
accurately, ‘‘inferior’’ or ‘‘defee- 
tive’’ protoplasm. The converse of 
this proposition is probably also true, 
i.e., patients with defective proto- 
plasm very often have an inborn 
error of metabolism. 

A boy who had nineteen episodes 
of sepsis in a four-year period might 
easily have qualified for the ‘‘poor 
protoplasm’”’ fraternity before 1952. 
But in that year Bruton discovered 
that such a child had defective syn- 
thesis of gamma globulin and a 
rational therapeutic approach was 
thus evolved. Today a patient with 
this clinical history presents no 
diagnostic or therapeutic challenge 
and no one would refer to him as 
exhibiting an example of ‘‘poor pro- 
toplasm.’’ An eezematous, mentally 
retarded child who has _ frequent 
seizures certainly had the essential 
for the ‘‘poor protoplasm’”’ designa- 
tion before 1934. It was in this year 
that Foélling described phenylpyruvie 
oligophrenia, a disorder which has 


9 
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heen intensively investigated and for 
which an effeetive dietary therapeu- 
tic regimen has evolved within only 
twenty years. It is interesting that 
it was the ‘‘mousy’’ odor of the urine 
that was the impetus to the investiga- 
tion of this disorder just as the odor 
of maple syrup from the urine of four 
siblings with cerebral damage led 
Menkes to the characterization of 
maple sugar urine disease. 

One can give many examples of 
this transition from the vague ‘‘ poor 
protoplasm’’ to the well-character- 
ized inborn error of metabolism. But 
we must not ignore some of the other 
pathogenetic mechanisms which have 
been found to cause ‘‘poor proto- 
plasm,’’ such as nutritional deficiency 
(pyridoxine deficiency seizures), auto- 
immunization (hypothyroidism), and 
iatrogenic factors (retrolental fibro- 
plasia). The recent demonstration of 
chromosomal aberrations in patients 


with gonadal dysgenesis, Klinefelter’s 
syndrome, and mongolism marks the 
beginning of an exciting new era in 
the elucidation of another group of 
patients with ‘‘defeetive proto- 
plasm.”’ 

**Poor protoplasm’? is a wonder- 
fully droll label with a modicum of 
accuracy as it is generally applied in 
medicine today. However, the con- 
notations that it carries are such that 
there is little excuse for its continued 
usage. Much ean be learned about 
these interesting but enigmatic pa- 
tients depending upon the facilities 
and knowledge available, the percep- 
tiveness and imagination of the phy- 
sician, and. the diligence with which 
they are studied. Let us not casually 
dismiss our difficult eases with a 
shrug of the shoulder and a vapid 
‘*poor protoplasm.”’ 


ANGELO M. DiGrEoRGE 











